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PREFACE 


The  present  study  is  the  result  of  several 
years' reflection  on  a difficult  field.  It  is  of 
course  true  that  the  question  of  "efficiency*  con- 
stitutes a very  limited  and  one- aided  approach  to 
the  problem  of  language.  But  for  science  and  tech- 
nology the  question  of  efficiency,  whether  of  the 
machines  and  tools  used  or  the  methods  applied, 
is  of  the  greatest  importance.  Language  is  one 

of  the  primary  tools  of  the  working  scientist  or 
engineer;  as  such  it  must  submit  to  the  same 
analysis  and  appraisal  as  his  other  machines. 

The  main  purpose  of  this  work  is  clearly 
indicated  in  its  title;  it  purports  to  study  the 
efficiency  of  scientific  and  technical  Japanese  as  a 
means  of  communication.  As  such,  1 believe  it  pre- 
sents a novel  approach  to  some  of  the  problems  of 
Japanese  language  work.  But  while  it  is  chiefly 
concerned  with  a particular  language,  it  also  in- 
troduces a general  method  of  attack  which,  I hope, 
will  be  found  sufficiently  useful  and  suggestive  to 
warrant  its  application  to  other  languages  as  well, 
both  European  and  non-European. 

At  the  same  time  I believe  this  booklet  should 

prove  very  useful  to  the  student  grappling  with  the 

stiff  practical  problem  of  translating  technical 

Japanese.  The  analysis  of  the  Japanese  technical 

vocabulary  and  the  suggestions  for  translators  are 

the  product  of  many  years  of  work  in  the  field  both 

as  technical  translator  and  as  lexicographer.  To 
the  best  of  my  knowledge,  this  is  the  first  study 

devoted  to  the  theoretical  and  practical  questions 
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connected  with  scientific  and  technical  Japanese. 
As  such  it  is  undoubtedly  characterised  by  the  nor- 
mal deficiencies  of  a first  effort  in  an  abstruse 
and  isolated  field. 

Finally,  I would  like  to  acknowledge  the  work 
of  the  Chinese  Printing  Office  at  Yale  University 
under  Professor  George  Kennedy  and  Mr.  Pasquale 
De  Rosa  in  the  mechanical  preparation  of  the  manu- 
script for  publication. 

Stanley  Gerr 

New  York  City,  February  1944 
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INTRODUCTION 


In  an  earlier  study  ("Language  and  Science": 
Philosophy  of  Science,  Vol.  9,  No.  2,  April,  1945) 
I developed  the  thesis  that  the  language  of  science 
is  necessarily  characterized  by  two  main  features: 
rational  syntax,  and  a "functional"  vocabulary. 
The  first  of  these  was  understood  to  imply  the  use 
of  a simple,  logically  unequivocal  sentence  struc- 
ture in  which  syntactic  elaboration  had  been  re- 
duced to  the  minimum  required  for  efficient  and 
convenient  exposition;  the  second  the  extensive  use 
of  "functional"  or  "operational"  terms. 


"Functional"  or  "operational"  terms  were  ex- 
plained as  representing  the  coalescence  of  "nomi- 
nal" (i.e.  structural  or  descriptive)  and  "verbal" 
(functional,  operational,  dynamic)  significance  in 
a single  basic  symbol  or  expression,  as  in  a saw 
"saws",  a pump  "pumps",  or  say,  /f(x)dx,  in  which 
the  symbol  of  integration  j might  be  interpreted 
in  a "nominal"  sense- -the  "integral"  of  some  f(x)dx 
--or  as  a sort  of  verbal  "imperative"--integrate 
f(x)dx-- depending  on  the  context.  At  the  same  time 
it  was  asserted  that  the  extensive  use  of  such 
"functional"  expressions  revealed  the  fundamental 
scientific  urge  to  correlate- -or  even  identify 
out  right -- "structure  with  behaviour,  form  with 
function,  ultimately  matter  with  energy";  more- 
over, that  the  linguistic  counterpart  of  this  tend- 
ency on  the  part  of  science  and  technology  to  iden- 
tify  an  operation  or  process  with  its  means  of 
realization  is  precisely  the  development  of  these 
"operational"  or  "functional"  terms. 
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These  concepts  of  "rationality”  and  "function- 
ality” of  expression  provide  us  with  the  criteria 
for  an  appraisal  of  language  as  a scientific  and 
technical  "tool".  For  it  is  to  the  extent  that  a 
particular  language  systematically  incorporates 
these  features  in  its  scientific  and  technical 
"dialect"  that  it  may  be  said  to  satisfy  the  basic 
engineering  requirement  of  all  tools  : efficient 
and  economical  operation.  Sapir,  in  his  book  on 
"Language",  has  well  said:  "fere  a language  ever 
completely  "grammatical"  (i.e.  systematic)  it  would 
be  a perfect  engine  of  conceptual  expression. " And 
for  the  purpose  of  appraising  its  efficiency  and 
economy  of  operation  the  language  of  science  and 
technology  may  be  conceived  as  a sort  of  transpor- 
tation system  in  which  a certain  expenditure  of 
mental  and  bodily  energy- - "lingui Stic  energy"-- 
effects  the  transmission  of  a certain  group  of  con- 
cepts from  person  to  person. 

The  measure  of  its  "efficiency"  would  then  be 
the  ratio  of  "achievement"  (concepts  communicated 
or  transmitted)  to  "energy-consumption"  (conven- 
ience and  simplicity  of  linguistic  formulation  and 
ease  of  interpretation  by  reader  or  hearer). 
Accordingly,  an  efficient  language,  in  the  strictly 

technical  sense  of  the  word,  would  be  one  in  which 
there  was  a small  consumption  of  "linguistic  energy*1, 

corresponding  to  rational  sinplicity,  convenience,  and  con- 
ciseness of  formilation,  and  ready  tnd  rapid  comuiicaticn 
of  the  ideas  with  a mininum  loss  of  "conceptual  cargo  " 
corresponding  to  accuracy,  exactitude,  and  pre- 
cision of  expression.  It  must  not  only  convey  the 
writer’s  meaning  accurately  and  fully,  but  it  must 
do  this  with  a minimum  expenditure  of  mental  and 
physical  energy  on  the  part  of  both  author  and 
reader.  For  science  and  technology  language  must 
be  stripped  of  all  grammatical  superfluities  and 
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psychological  hindrances  to  ready  and  efficient 
fulfillment  of  its  communicating  or  "transporting" 
functions.  It  must,  as  far  as  possible,  conserve 
mental  energy  for  concentration  on  the  actual  con- 
cepts involved  in  the  discussion,  rather  than  dis- 
sipating energy,  time,  and  attention  on  unnecessary 
consideration  of  the  linguistic  or  symbolic  forms 
in  which  the  ideas  are  presented.  Whitehead,  dis- 
cussing the  great  advantage  of  a proper  symbolic 

||  ^ ^ || 
technique  in  his  Introduction  to  Mathematics  , 

says:  "By  the  aid  of  (proper)  symbolism  we  can 
make  transitions  in  reasoning  almost  mechanically 
by  the  eye,  which  otherwise  would  call  into  play 

the  higher  functions  of  the  brain Operations 

of  thought  are  like  cavalry  charges  in  a battle- - 
they  are  strictly  limited  in  number,  they  require 
fresh  horses,  and  must  be  made  at  decisive  mo- 
ments. 


w 


In  this  study  it  is  proposed  to  apply  these 
concepts  and  criteria  to  an  appraisal  of  scientific 
and  technical  Japanese,  in  the  hope  that  the  re- 
sults of  the  inquiry  may  be  of  some  value  in  pro- 
moting among  us  a belated  understanding  of  the 
strange  language  in  which  a considerable  body  of 
important  research  and  technical  information  is  re- 
corded in  the  profuse  technical  literature  of 
Japan.  It  is  perhaps  not  too  far-fetched  to  assert 
that  gross  neglect  of  this  field  in  the  past  has 
been  a contributory  cause  of  the  difficult  and  dan- 
gerous situation  in  which  we  as  a nation  now  find 
ourselves:  battling  an  adversary  whom  we  have  neg- 
lected to  appraise  carefully  in  terms  of  several  of 
his  most  important  military  aspects:  his  science, 
technology,  and  industrial  development. 
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PART  I:  PROBLEM  OF  JAPANESE  STNTAX 


The  problem  of  scientific  and  technical  Japa- 
nese has  three  major  aspects:  the  questions  of 
Japanese  syntax,  the  technical  vocabulary,  and  the 
complex  script.  While  the  first  and  last  of  these 
are  common  to*' the  whole  of  written  Japanese,  the 
problem  of  the  ^technical  vocabulary  is  more  or  less 
peculiar  to  the  language  of  science  and  technology. 
Accordingly,  we  turn  first  to  the  question  of  Japa- 
nese syntax  in  its  bearing  on  the  efficiency  of  the 
language  as  a scientific  and  technical  "tool"* 

Syntax,  it  will  be  recalled,  deals  primarily 
with  the  systematic  way  in  which  a language  com- 
bines and  relates  the  objects  and  elements  of  a 
discussion  into  psychologically  unified  proposi- 
tions called  sentences;  i.e.  with  the  mechanic*  of 
sentence  structure.  As  Sapir  (Language)  puts  it, 
the  sentence  is  "the  major  functional  unit  of 
speech".  In  connection,  then,  with  Japanese  sen- 
tence structure,  I believe  it  is  safe  to  assert 
from  the  start  that  the  language  suffers  from  cer- 
tain basic  structural  defects  which  seriously  impair 
its  effectiveness  as  a scientific  means  of  communica- 
tion. These  are  the  excessive  length  and  diffuse, 
protracted  complexity  of  the  sentence  which,  as 
Chamberlain  (Japanese  Grammar)  has  it,  makes  "the 
normal  Japanese  sentence  a paragraph”;  the  rigidly 
observed  and  abnormally  sustained  Japanese  word- 
order,  which  without  exception  requires  all  modi- 
fiers, however  complex  and  however  numerous, to* 
precede  the  words  or  concepts  they  qualify,  while 
relegating  the  all-important  verb  to  the  very  end 
of  the  statement;  the  use  of  certain  "indefinite" 
verb  and  predicate  adjective  forms  in  compound  sen- 
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tences;  the  frequent  omission  of  the  subject  of  a 
sentence;  and  the  excessive  use  of  grammatically 
and  logically  superfluous  stylistic  embellishments. 
We  proceed,  then,  to  further  consideration  of  the 
ways  in  which  these  factors  lower  the  overall 
efficiency  of  Japanese  as  a means  of  communication, 
and  therefore  as  a technical  "tool”. 

Our  first  quarrel  is  with  Japanese  word-order. 
Now  word-order,  the  order  of  presentation  of  ideas, 
is  fundamental.  Sapir  (Language:  p.117)  states 
emphatically,  that  "The  most  fundamental  and  the 
most  powerful  of  all  relating  methods  (within  the 
sentence)  is  word-order."  Nor  are  other  philolo- 
gists less  positive  than  Sapir  in  accenting  this 
point  (cf.  Jespersen,  Paul,  etc.).  Hence  our  first 
step  in  proving  our  contention  that  Japanese  suf- 
fers from  certain  basic  structural  disabilities  as 
a means  of  efficient  communication  of  technical 
ideas  will  be  to  demonstrate  that  Japanese  word- 
order  is  such  as  to  materially  hinder  and  delay 
ready  comprehension  of  the  writer’s  meaning. 

As  was  stated  above,  the  cardinal  rule  of 
Japanese  syntax,  including,  of  course,  that  of 
scientific  and  technical  Japanese,  is  that  all 
modifiers  must  precede  the  words  or.  expressions 
they  qualify,  and  that  the  verb  must  appear  last  in 
the  sentence  or  clause.  Quoting  Chamberlain  once 
more,  "every  adjective,  genitive,  or  attributive 

word,  phrase,  or  clause  precedes  the  noun  which  it 
defines,  the  adverb  precedes  the  verb,  and^  explana- 
tory clauses  precede  the  principal  clause  . Or.  as 
G.B.  Sansom  (Historical  Grammar  of  Japanese,  p. 
335)  puts  it:  "The  characteristic  feature  of  word- 
order  in  Japanese  is  that  the  particular  precedes 

the  general". 

Now  most  attributes- -or  "particular a - 
are  less  determinate-  than  tangible  objects,  the 
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"realia"  of  science  and  technology,  and,  in  fact, 
depend  on  them  for  concrete  significance.  For 
example,  when  I write  na  large,  bluish,  glittering, 
northern,  recently  discovered,  as  yet  unclassified, 
etc.  etc.”,  none  of  these  words  or  expressions 
can  assume  specific,  concrete  meaning,  since  their 
immediate  significance  depends  largely  on  the  con- 
text in  which  they  appear,  or,  more  explicitly,  on 
the  object  or  entity  they  refer  to- -in  Whitehead’s 
phrase,  on  the  particular  "universe  of  discourse". 
Each  of  the  above  expressions  will  take  on  a some- 
what different  significance  if  I add  to  the  above 
the  word  "star",  say,  on  the  one  hand,  or  "moth"  on 
the  other.  Most  attributes  or  descriptive  concepts 
are  purely  relative,  taking  their  coloring,  so  to 
speak,  from  their  immediate  environment  (cf.  hard, 
weak,  etc.).  In  fact,  the  number  of  "absolute" 
attributes  is  quite  small,  and  is  largely  restrict- 
ed to  the  field  of  mathematical  and  physical  con- 
cepts, as  "triangular,  circular,  integral,  crystal- 
line, etc."  But  the  great  bulk  of  descriptive 
ideas  do  not  belong  to  this  category;  for  them  a 
definite  object  or  universe  of  discourse  must  be 
postulated  before  they  can  assume  concrete,  speci- 
fic significance. 

This  has  serious  consequences  for  the  type  of 
sentence  structure  represented  by  Japanese,  which 
rigidly  requires  all  modifiers  in  a sentence  to 
precede  the  objects  modified,  and  which  at  the  same 
time  favors  long  descriptive  statements.  For  as 
Pillsbury  (Psychology  of  Language,  p.  268)  points 
out:  "one  can  attend  to  only  one  object  (idea)  at 
once,  and  the  duration  of  attention  is  less  than 
one  second".  Hence  the  highly  synthetic  construc- 
tions of  Japanese  frequently  delay  mention  of  the 
actual  objects  of  discussion  well  beyond  the  point 
where  corresponding  modifiers  are  conveniently  and 
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spontaneously  linked  with  the  more  concrete  enti- 
ties which  they  qualify,  and  which  in  turn  provide 
them  (the  modifiers)  with  a sort  of  scale  of  refer- 
ence or  measurement  for  the  situation  under  dis- 
cussion, For  it  is  a peculiar  fact  that  modifiers 
are  themselves  unable  to  modify  concretely  till  the 
entities  they  qualify  are  themselves  established, 
so  that  in  actuality  a modifying  attribute  must  it- 
self first  be  qualified  by  the  modified  object  be- 
fore it  can  properly  modify  at  all.  In  the  lan- 
guage of  logic,  modifying"  is  a reflexive  and  «y«- 
metrical  relationship.  Under  these  circumstances 
the  Japanese  sentence  is  revealed  as  basically  in- 
efficient, since,  as  was  just  pointed  out,  its 
structure  so  frequently  prevents  its  modifying  ele- 
ments from  functioning--!. e.  modifying  "concretely" 
--till  long  after  they  have  appeared  in  the  state- 
ment; i.e.  till  the  objects  they  qualify  are  even- 
tually revealed.  Consequently  the  reader  of  Japa- 
nese is  generally  forced  to  reinterpret  the  des- 
criptive parts  of  a sentence  several  times  in  order 
to  establish  their  specific  significance  in  the 
particular  context  fixed  by  mention  of  the  objects 
of  discussion  well  after  the  appearance  of  the 
modifiers  themselves. 

The  preceding,  rather  theoretical  discussion 
will  perhaps  become  clearer  if  reconsidered  in  the 
light  of  the  following  examples.  These  have  been 
chosen  from  typical  Japanese  technical  source  ma- 
terial, as  is  likewise  true  of  other  examples  which 
appear  further  on.  In  all  cases  the  original  Japa- 
nese text,  a Roma j i version,  a literal  translation 
giving  the  exact  sequence  of  ideas,  and  a final 
version  in  standard  technical  English  have  been 
given,  so  that  the  reader  should  experience  no 
great  difficulty  in  making  the  proper  associations 
between  the  points  raised  in  the  text  of  the  dis- 
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cussion  and  the  corresponding  examples.  Thus 
fi  M.  X & * v \ 7*  v ? ; Denki-Kogaku  Poketto- 

bukku:  (Electrical  Engineering  Pocketbook)  (1934) 

p.  45,  defining  Coulomb's  law,  has  the  following 
statement: 

r fc  X Vw  ## 

t 6 3?  <7>  HU  u & qT,q,  ^ a u it  ft  u r 

oa*icseifc«-r  $. 

Ni-ko  no  tenr-denka.  qt  , qa  ga  kyori  r wo 
hedatete  sorvsai  sum  toki,  rvosha  no  aida  ni  wa  qlf 
qa  no  sojoseki  ni  hirei  shi,  r no  jijo  ni  gyaku- 
hirei  sum  ryoku  ga  sayd-sum. 

Tiro  piece  point  electric  charge  q,  , qa  dia - 
tance  r aeparat ing  existing  time , both  ones  be - 
tweenneaa  in  q,  , qa ’ s direct  product  to  proportion- 
al  being , r’a  square  to  inversely  proportional  be- 
ing force  acta . 

When  two  point  electric  charges  q,*,  qa  are 
separated  by  a distance  r,  a force  acts  between 
them  which  is  directly  proportional  to  the  product 
of  these  charges,  and  inversely  proportional  to  the 
square  of  r,  the  distance  between  them. 

Again,  the  following  explanation  of  "optical  inver- 
sion" i s given  in  a book  on  mineralogy: 

£ i -C*>  3. 

Kogaku-teki  tenka  wa  senkosei  no  doshitsu- 
isei-tai  no  ichi  yori  doitsu  koeo  wo  yUr-sum  mo 
hantai  no  senkosei  wo  yu-sum  to  no  mono  ni  henka- 
sum  koto  de  am. 


Digitized  by  Google 


Original  from 

UNIVERSITY  OF  MICHIGAN 


6 Scientific  and  Technical  Japanese 

"realia"  of  science  and  technology,  and,  in  fact, 
depend  on  them  for  concrete  significance.  For 
example,  when  I write  na  large,  bluish,  glittering, 
northern,  recently  discovered,  as  yet  unclassified, 
etc.  etc.”,  none  of  these  words  or  expressions 
can  assume  specific,  concrete  meaning,  since  their 
immediate  significance  depends  largely  on  the  con- 
text in  which  they  appear,  or,  more  explicitly,  on 
the  object  or  entity  they  refer  to- -in  Whitehead’s 
phrase,  on  the  particular  "universe  of  discourse". 
Each  of  the  above  expressions  will  take  on  a some- 
what different  significance  if  I add  to  the  above 
the  word  "star",  say,  on  the  one  hand,  or  "moth"  on 
the  other.  Most  attributes  or  descriptive  concepts 
are  purely  relative,  taking  their  coloring,  so  to 
speak,  from  their  immediate  environment  (cf.  hard, 
weak,  etc.).  In  fact,  the  number  of  "absolute" 
attributes  is  quite  small,  and  is  largely  restrict- 
ed to  the  field  of  mathematical  and  physical  con- 
cepts, as  "triangular,  circular,  integral,  crystal- 
line, etc."  But  the  great  bulk  of  descriptive 
ideas  do  not  belong  to  this  category;  for  them  a 
definite  object  or  universe  of  discourse  must  be 
postulated  before  they  can  assume  concrete,  speci- 
fic significance. 

This  has  serious  consequences  for  the  type  of 
sentence  structure  represented  by  Japanese,  which 
rigidly  requires  all  modifiers  in  a sentence  to 
precede  the  objects  modified,  and  which  at  the  same 
time  favors  long  descriptive  statements.  For  as 
Pillsbury  (Psychology  of  Language,  p.  268)  points 
out:  "one  can  attend  to  only  one  object  (idea)  at 
once,  and  the  duration  of  attention  is  less  than 
one  second".  Hence  the  highly  synthetic  construc- 
tions of  Japanese  frequently  delay  mention  of  the 
actual  objects  of  discussion  well  beyond  the  point 
where  corresponding  modifiers  are  conveniently  and 
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spontaneously  linked  with  the  more  concrete  enti- 
ties which  they  qualify,  and  which  in  turn  provide 
them  (the  modifiers)  with  a sort  of  scale  of  refer- 
ence or  measurement  for  the  situation  under  dis- 
cussion, For  it  is  a peculiar  fact  that  modifiers 
are  themselves  unable  to  modify  concretely  till  the 
entities  they  qualify  are  themselves  established, 
so  that  in  actuality  a modifying  attribute  must  it- 
self first  be  qualified  by  the  modified  object  be- 
fore it  can  properly  modify  at  all.  In  the  lan- 
guage of  logic,  modifying"  is  a reflexive  and  «y«- 
metrical  relationship.  Under  these  circumstances 
the  Japanese  sentence  is  revealed  as  basically  in- 
efficient, since,  as  was  just  pointed  out,  its 
structure  so  frequently  prevents  its  modifying  ele- 
ments from  functioning--!. e.  modifying  "concretely" 
--till  long  after  they  have  appeared  in  the  state- 
ment; i.e.  till  the  objects  they  qualify  are  even- 
tually revealed.  Consequently  the  reader  of  Japa- 
nese is  generally  forced  to  reinterpret  the  des- 
criptive parts  of  a sentence  several  times  in  order 
to  establish  their  specific  significance  in  the 
particular  context  fixed  by  mention  of  the  objects 
of  discussion  well  after  the  appearance  of  the 
modifiers  themselves. 

The  preceding,  rather  theoretical  discussion 
will  perhaps  become  clearer  if  reconsidered  in  the 
light  of  the  following  examples.  These  have  been 
chosen  from  typical  Japanese  technical  source  ma- 
terial, as  is  likewise  true  of  other  examples  which 
appear  further  on.  In  all  cases  the  original  Japa- 
nese text,  a Roma j i version,  a literal  translation 
giving  the  exact  sequence  of  ideas,  and  a final 
version  in  standard  technical  English  have  been 
given,  so  that  the  reader  should  experience  no 
great  difficulty  in  making  the  proper  associations 
between  the  points  raised  in  the  text  of  the  dis- 
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cussion  and  the  corresponding  examples.  Thus 
fi  M.  X & * v \ 7*  v ? ; Denki-Kogaku  Poketto- 

bukku:  (Electrical  Engineering  Pocketbook)  (1934) 

p.  45,  defining  Coulomb's  law,  has  the  following 
statement: 

r fc  X Vw  ## 

t 6 3?  <7>  HU  u & qT,q,  ^ a u it  ft  u r 

oa*icseifc«-r  $. 

Ni-ko  no  tenr-denka.  qt  , qa  ga  kyori  r wo 
hedatete  sorvsai  sum  toki,  rvosha  no  aida  ni  wa  qlf 
qa  no  sojoseki  ni  hirei  shi,  r no  jijo  ni  gyaku- 
hirei  sum  ryoku  ga  sayd-sum. 

Tiro  piece  point  electric  charge  q,  , qa  dia - 
tance  r aeparat ing  existing  time , both  ones  be - 
tweenneaa  in  q,  , qa ’ s direct  product  to  proportion- 
al  being , r’a  square  to  inversely  proportional  be- 
ing force  acta . 

When  two  point  electric  charges  q,*,  qa  are 
separated  by  a distance  r,  a force  acts  between 
them  which  is  directly  proportional  to  the  product 
of  these  charges,  and  inversely  proportional  to  the 
square  of  r,  the  distance  between  them. 

Again,  the  following  explanation  of  "optical  inver- 
sion" i s given  in  a book  on  mineralogy: 

£ i -C*>  3. 

Kogaku-teki  tenka  wa  senkosei  no  doshitsu- 
isei-tai  no  ichi  yori  doitsu  koeo  wo  yUr-sum  mo 
hantai  no  senkosei  wo  yu-sum  to  no  mono  ni  henka- 
sum  koto  de  am. 
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Optical  inversion  now  (as  for)  optically  ac- 
tive isomers  one  from  same  composition  having  but 
opposite  optical  activity  having  other  one  into 
turning  action  is. 

Optical  inversion  is  the  conversion  of  an  op- 
tically active  isomer  into  another  with  the  same 
constitution  but  reversed  optical  activity. 


Returning  to  the  discussion,  it  is  tp  be  ob- 
served that  if  the  number  of  modifiers  in  an  ex- 
pression is  small--say  two  or  three--the  object 
modified  is  mentioned  so  soon  that  the  above  argu- 
ment hardly  applies.  Thus  an  expression  like 
"long,  round  tube”  is  neither  psychologically  or 
linguistically  inefficient  because  the  space  and 
time  interval  between  mention  of  the  first  modifier 
and  the  object  of  discussion- - "tube"- -is  small 
enough  for  the  whole  to  blend  in  an  integrated  men- 
tal image,  somewhat  as  a series  of  visual  impres- 
sions occurring  within  a certain  limiting  time-in- 
terval of  each  other  present  a uniform,  continuous 
image  in  the  well-known  phenomenon  of  persistence 
of  vision.  But  if  the  number  of  modifying  ideas  is 
too  great --psychologically  more  than  three  or  four 
--the  immediate  continuity  begins  to  disintegrate, 
necessitating  a return  to  the  beginning  of  the 
statement  for  a reestablishment  of  the  thread  of 
discourse. 

English,  for  example  is  well  aware  of  the 
psychologic  need  to  fix  the  immediate  universe  of 
discourse  as  soon  as  possible  by  mention  of  each 
object  of  discussion  as  it  arises.  Although  short, 
concise  expressions  like  "long,  elliptical  tube" 
are  common  enough  and  quite  acceptable,,  when  the 
number  of  qualifying  attributes  becones  so  large  as 
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to  require  an  excessive  expenditure  of  "linguistic 
energy"  to  retain  them  consciously  in  view  till  the 
object  they  modify  is  finally  mentioned,  Eng- 
lish --and  most  European  languages --shifts  the  lat- 
ter strategically  into  the  midst  of  the  qualifying 
expressions.  In  this  way  it  is  reached  soon  enough 
to  concretise  the  first  few  modifiers  before  they 
have  "faded",  while  the  rest  of  the  statement  pro- 
ceeds naturally  and  unambiguously  to  its  conclusion 
because  the  object  of  discussion  has  been  estab- 
lished. In  the  hypothetical  example  cited  above 
scientific  English  would  accordingly  tend  to  a form 
like  "a  large,  bluish,  glittering  northern  star 
(moth),  recently  discovered  but  as  yet  unclassi- 
fied, etc.  " 

But  this  is  precisely  what  Japanese  cannot  do. 
In  the  first  place,  the  syntax  of  the  language  re- 
quires all  modifiers,  without  exception,  to  precede 
the  objects  modified.  This,  as  was  indicated 
above,  would  not  be  serious  if  their  number  were 
always  small  (three  or  four);  i.e.  if  Japanese  sen- 
tences were  normally  short  and  concise.  Unfortu- 
nately, this  is  rarely  the  case.  As  Chamberlain 
(Japanese  Grammar)  has  it:  "one  of  the  most  essen- 
tial characteristics  of  the  Japanese  language  is 
the  extreme  degree  to  which  it  pushes  the  synthetic 
tendency  in  the  structure  of  sentences.  Except 
when  modified  by  Chinese  or  other  foreign  influ- 
ences, Japanese  always  tries  to  incorporate  the 
whole  of  a statement,  however  complex  it  may  be, 
and  however  numerous  its  parts,  within  the  limits 
of  a single  sentence  whose  members  are  all  grammat- 
ically interdependent.  In  fact,  the  normal  Japa- 
nese sentence  is  a paragraph".  Sir  G B.  Samsom,  in 
his  Historical  Grammar  of  Japanese,  makes  the  same 
point:  the  fundamental  structure  of  Japanese 
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is  such  that,  even  with  the  best  intentions,  long 
sentences  cannot  always  be  avoided This  is  put- 
ting it  mildly,  the  fact  being  that  short,  summary 
sentences  are  the  exception  rather  than  the  rule. 

This,  however,  coupled  with  the  rigid  rules  of 
word  order  mentioned  above,  is  fatal  to  the  «#i- 
dency  of  the  language  as  a means  of  communication. 
For  any  object*  (or  operation)  mentioned  is  almost 
invariably  preceded  by  a whole  series  of  modifiers 
(qualifying  words  and  phrases)  none  of  which  can  be 
clearly  conceived  till  the  object  of  discussion  is 
itself  finally  mentioned.  Only  when  the  latter  has 
been  reached  does  the  preceding  context  acquire 
specific  meaning,  and  only  then,  so  to  speak,  do 
the  preceding  modifiers  properly  fulfil  their  func- 
tion: i.e.  "concretely  modifying  the  object  of 
discussion.  Hence  the  full  and  immediate  signifi- 
cance of,  the  qualifying  expressions  remains  in 
abeyance  till  the  object  modified  is  established, 
which  fact  then  necessitates  a revaluation  of  the 
modifiers  in  the  light  of  the  universe  of  discourse 
revealed  by  the  mention  of  the  object  of  discus- 
sion, and  then  a revaluation  of  the  latter  in  the 
light  of  the  now  concretely  established  modifiers. 
This  involves  what  might  be  called,  mathematically, 
a "semi- infinite  regression". 


The  following  two  examples  are  illustrative  of 
the  preceding  argument,  the  first  being  a descrip- 
tive passage  taken  from  a larger  context,  the 
second  a typical  Japanese  technical  sentence: 


Kimoktk-haku  wo  zetsuenshi  wo  kasanete  matte 
tsukatta  kotei  chikudenki . . . 

Metal  foil  and  insulating  paper  together  re- 
peatedly winding  made  fixed  condenser .. . 
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A fixed  condenser  sad*  by  repeatedly 
winding  together  aetal  foil  strips  and  in- 
sulating paper.  . . 

Sentai  lyo jaku-gaku:  The  Strength 
of  Ships,  by  Toaoya  6ta,  .1939-  p.  79:  #Jf 

Fune  to  iami  to  no  Sotai-ichi:  The 
Relative  Position  of  Ship  and  Wave: 

i-Sf 

> y - n * *>  -c  *>  * #*. 

& -f  i£*T  L -c  fc  a a 6.» 

tt  x & ^ 

® 5 ;&>  <*>  L n va. 

Kijun  keisan  wa  kijutsu  no  gotoku,  son 
ga  jicho  no  iocho  no  Kami  ni,  shikano  sono 
chuo  d damme n ga  hacho  (mata  wa  hatei ) to 
i tcho-suru  yo  ni  notta  baai  ni  okeru 
kukkyoku-mSmento  oyobi  sendanryoku  wo  ataete 
kureru  no  de  aru  ga,  nami  mo  funs  mo  taesu 
shinko-shite  iru  no  de  aru  kara,  fune  to 
nami  to  no  sotai-ichi  than  ni  yotte  wa, 
aruiwa  kijun  jotai  yori  mo  dai-naru  kukkyoku- 
momento  oyobi  sendanryoku  ga  ohiru  ka  mo 
shi  renu . 

Standard  calculation a aa  for  already 
stated  like , the  ship  its  own  length  that 
same  wave  length* a wave  in,  and  its  central 
cross  section  the  wave  crest  (or  wave  trough) 
that  in  harmony  fashion  riding  instance  in* a 
bending  moment  and  shear  stress  being  given 
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•r«  bmt , wave  and  vaaaal  ceaaing-not  advan- 
cing ara  becavae , ahip  and  w ave*  a relative 
poaition  in  what  way  depending  on,  perhapa 
atandard  condit iona  than  even  greater  bend- 
ing moment  and  ahear  atreaa  ariae  whether 
known-ia  not • 

Aa  haa  already  been  stated,  the  bend- 
ing moment  and  shear  stress  are  given  in  the 
standard  calculations  for  the  two  cases 
where,  the  length  of  the  ship  and  that  of 
the  waves  being  equal,  either  the  crest  or 
the  trough  of  a wave  is  anidships.  However, 
since  both  ship  and  wave  are  continually 
advancing,  it  is  not  known  whether  even 
greater  bending  sionents  and  shear  stresses 
than  those  of  the  standard  conditions  are 
produced  depending  sosehow  on  the  relative 
position  of  ship  and  wave. 

A somewhat  similar  defect  arises  in  connection 
with  the  peculiar  syntax  of  the  Japanese  verb  and 
closely  related  predicate  adjective.  To  begin 
with,  in  simple  sentences  the  verb  invariably  ap- 
pears after  the  object  at  the  very  end  of  the  whole 
sentence;  while  in  the  lengthy  compound  sentences 
so  common  to  Japanese  various  subordinate  verbs  are 
placed  at  the  end  of  their  respective  subordinate 
clauses,  the  main  verb  appearing  as  before  at  the 
very  end  of  the  whole  statement,  supplying  the  fi- 
nal clue  to  the  meaning  of  the  whole.  Thus  the 
more  or  less  standard  Japanese  word-order  is,  in 
the  large,  an  introductory  phrase  or  expression, 
the  subject  (if  expressed  at  all,  which  it  fre- 
quently is  not,  adding  another  element  of  ambiguity 
to  the  whole),  preceded  by  all  its  modifiers,  the 
object,  preceded  by  all  its  modifiers,  and  finally 
the  verb,  with  its  modifiers.  Or,  in  the  case  of 
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the  compound  sentence,  the  subject  of  the  whole,  if 
expressed,  various  clauses  with  their  respective 
subordinate  verbs  at  the  end  of  each  clause,  the 
object  of  the  whole  sentence,  and  finally  the  verb. 
This  type  of  sentence  structure  results,  then,  in 
an  intolerable  delay  in  the  expression  of  the 
fundamental  noperat ional n meaning  of  the  whole 
statement,  with  a corresponding  delay,  as  well  as 
a vastly  increased  difficulty,  in  the  reader’s  com- 
prehension both  of  the  whole  sentence,  and  of  the 
subordinate-  parts. 

But  not  only  is  the  "dynamic,  operational" 
significance  of  the  statement  delayed  by  the  subor- 
dinate position  of  the  verb,  the  whole  positive  or 
negative  significance  of  the  statement,  which  is 
expressed  by  a negative  particle  suffixed  to  the 
verb--i.e.  at  the  very  end  of  the  sentence--also 
remains  indeterminate  till  the  very  end  of  the 
utterance.  Thus  one  never  knows  whether  the  author 
is  affirming  or  denying  something  till  "the  last 
returns  are  in",  so  to  speak.  The  following  exam- 
ples, taken  from  Prof.  Tachu  Naito’s  fit  ft iS  Ik 
Taishin  Kobo  Ron:  Theory  of  Earthquake  Resistant 
Construction,  as  well  as  those  cited  elsewhere  in 
this  study,  serve  to  illustrate  the  point  under' 
discussion. 

p.  38: 

b co  E *1 

KJt#lL(A)Sfcco*n<  ft  z>  < A o < Aft 

ft  <5- 

Futsu  9oaoseranru  gotoku  ckujikur-sen  yori  no 
kyori  ni  hirei-shi  (i)  sen  no  gotoku  nary,  koto 
naku,  kaette  gaisoku  no  chu  to  tsugi  no  chu  to  no 
hanryoku  wa  fugo  sohan-suru  koto  to  naru. 


Digitized  by  Google 


Original  from 

UNIVERSITY  OF  MICHIGAN 


Scientific  and  Technical  Japanese  • 


15 


Generally  believed  as  is  neutral  axis’s  dis- 
tance to  directly  proportional  being  (A)  line  simi- 
lar being  thing  not  being , but  on  the  contrary  out- 
side column  and  next  column’s  reaction  sign  oppos- 
ing fact  is  the  case , 

Contrary  to  what  is  generally  believed,  they 
(direct  stresses  in  the  supporting  columns  of  cer- 
tain types  of  framed  structures)  are  not  directly 
proportional  to  the  distance  from  the  central  axis 
as  in  the  case  of  line  (A),  hut  on  the  contrary  the 
reactions  of  the  outside  column  and  the  inner  one 
immediately  next  to  it  have  opposite  signs. 


77  (same  source) 


co  ft  b t V 

It- 


m. 


Somo  senryoku  no  bumpu  kinitsu  nori  to  iu  koto 
to  chokur-oryoku  ga  chujiku  yori  no  kyori  ni  hire\ 
su  to  iu  koto  to  wa  ijypan  no  rvo  ni  oite  voa  rvo— 
ritsu-sezaru  jiko  nari  to  su. 


Now  shear’s  distribution  uniform  being  that 
said  thing  and  direct  stress  neutral  axis  from’s 
distance  to  direct  proportion  being  that  said  thing 
as  for  ordinary  beams  in  incompatible  particulars 
( factors ) being  that  is. 

The  fact  is  that  uniform  shear  distribution 
and  direct  proportionality  of  axial  (direct)  stress 
to  the  distance  from  the  neutral  axis  are  incompat- 
ible conditions  in  ordinary  beams  (as  mounted  in 
framed  structures). 


Moreover,  in  compound  sentences  the  verb --or 
predicate  ad jective--of  each  clause  is  used  at  the 
end  of  each  corresponding  clause  in  an  incomplete 
form  called  by  Europeans  the*  "indefinite"  form,  by 
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the  Japanese  the  nrenyokein  or  "continuative  form”, 
in  which  guise  such  vital  elements  of  significance 
for  the  precise  meaning  of  the  whole  statement  as 
tense,  mood,  and  attributive  function  are  not  in- 
dicated at  all.  In  this  way  the  full  and  precise 
meaning  of  each  subordinate  verb  or  predicate  ad- 
jective is  withheld  till  the  very  last  verb  or 
predicate  adjective  in  the  series  of  clauses  is 
given. with  specific  connotation  in  regard  to  these 
aspects.  Only  when  these  elements  of  significance 
have  been  established  for  the  main  verb  do  the  pre- 

mm  | || 

ceding  indefinite  verbs  assume  their  definitive 
form  for  the  particular  statement  by  taking  on  the 
same  tense,  mood,  etc.  as  the  final  verb.  But  un- 
til the  latter  is  reached  at  the  very  end  of  the 
sentence,  the  precise  significance  of  each  subor- 
dinate verb  and  predicate  adjective  must  remain  in 
abeyance.  As  Sansom  (Hist.  Gram.)  has  it:  "the 
normal  position  of  the  Japanese  verb  at  the  end  of 
the  sentence  makes  for a lack  of  emphasis”. 

Once  again,  this  is  putting  it  mildly,  to  say 
the  least.  From  the  point  of  view  of  efficiency  of 
communication  this  factor  in  the  Japanese  sentence 
structure  represents  a maximum  waste  of  both  au- 
thor’s and  reader’s  mental  energy.  Once  again ; as 
in  the  case  of  the  nominal  constructions,  the  read- 
er is  forced  to  retrace  his  steps,  often  enough, 
not  once  but  several  times,  adding  the  final  bit  of 
necessary  information  which  is  gleaned  only  at  the 
very  end  of  the  statement,  but  which  is  absolutely 
indispensable  for  proper  comprehension  of  the  pre- 
ceding sections  as  well.  Thus  this  inherent  ambig- 
uity in  the  syntax  of  the  Japanese  verb  and  predi- 
cate adjective,  which  more  or  less  constitute  the 
TIbackbonen  or  "framework"  of  the  Japanese  sentence, 
is  found  to  be  very  similar  to  that  of  the  nominal 
constructions,  and  produces  the  same  type  of  lin- 
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guistic  inefficiency":  viz.  the  need  to  backtrack 
over  ground  already  covered. 

It  is  interesting  to  note  that  this  use  of  the 
indefinite  form  of  the  verb  and  predicate  adjective 
in  Japanese  resembles,  in  a sense,  the  common  tech- 
nique of  factoring  out  common  elements  of  complex 
algebraical  expressions.  But  where  in  mathematics 
this  technique  is  a very  useful  expedient  both  as  a 
labor-saving  device  and  as  revealing  the  underlying 
forms  of  complicated  mathematical  expressions,  in 
Japanese  the  same  practice  becomes  a gross  liabili- 
ty. This  is  because  the  mathematical  technique  is 
applied  to  a compactly  juxtaposed  expression  which 
is  visually  assimilated  as  a unit,  whereas  Japanese 
sentence  structure  so  widely  separates  the  related 
elements  that  it  is  impossible  to  literally  "take 
them  in  at  a glance",  so  that  comprehension  is  ma- 
terially delayed  rather  than  speeded  up.  That  is, 
an  essentially  visual  technique  is  applied  to  a 
phonetically  designed  symbolism , with  dire  conse- 
quences for  the  latter.  Moreover,  "such  construc- 
tions are  of  fundamental  importance  in  Japanese 
syntax,  and  it  is  impossible  to  understand  the 
written  language  until  they  are  thoroughly  mas- 
tered" (Sansom:  loc.  cit.  p.  139).  Hence  they  rep- 
resent a fundamental  source  of  inefficiency  for  the 
language. 

Similarly,  questions  in  Japanese  are  not 
structurally  differentiated  from  ordinary  affirma- 
tive statements  until  the  very  end  of  a sentence, 
where  an  arbitrary  particle,  "ka"  or  "ya",  is  gen- 
erally added  to  indicate  the  "question".  This  is 
not  as  serious  as  the  corresponding  fact  regarding 
negative  sentences  only  because  "questions"  are 
rather  infrequent  in  technical  Japanese;  but  it  is 
an  added  factor  ofmef f iciency  in  a language  which 
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is  already  overburdened  with  serious  grammatical 
difficulties. 

Thus  the  order  of  presentation  of  ideas  in 
Japanese  appears  to  be  basically  inefficient  from 
the  point  of  view  of  the  psychology  of  language. 
Japanese  syntax  attempts,  so  to  speak,  to  add  the 
architectural  details  and  embellishments  before  the 
foundation  and  framework  of  the  building  have 
been  properly  set  up.  Its  sentences  are  "turned 
around",  and,  as  everyone  with  experience  in  trans- 
lating Japanese  knows,  are  much  easier  to  render 
into  intelligible  English  if  "attacked  from  the 
rear",  where  are  found  the  key  words  and  expres- 
sions which  establish  the  objects  of  discussion  and 
the  operations  they  perform,  or  the  changes  they 
undergo.  Being  forced,  by  its  innate  syntactic 
pattern,  to  place  key  words  and  meanings  in  psycho- 
logically subordinate  positions,  it  displays,  in 
place  of  a psychological  progression  in  which  the 
antecedent  clarifies  the  consequent,  the  strange 
order  in  which  the  end  reveals  the  beginning.  The 
Japanese  sentence  is  thus  seen  to  be  a sort  of 
miniature  "detective  story",  which,  like  its  better 
known  counterpart,  too  often  leaves  its  reader  in  a 
fog  till  the  bitter  end.  One  is  forever  forced,  in 
translating  technical  Japanese,  to  make  frequent 
passages  up  and  down  the  line  of  the  whole  sentence 
in  order  to  piece  together  the  scattered  ideas  in 
their  proper  relationships;  to  waste  siental  energy 
in  traversing  the  same  linguistic  "path”  several 
times  in  order  to  complete  a single,  corresponding 
passage  along  the  chain  of  ideas  under  considera- 
tion. To  say  the  very  least,  Japanese  sentence 
structure  is  thoroughly  inefficient  from  the  point 
of  view  of  a "transportation  system”,  as  it  sx>st 
effectively  prevents  the  ready  sold  convenient  com- 
munication of  ideas. 
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A third  source  of  inefficiency  is  less  funda- 
mental than  the  preceding  two,  being  stylistic 
rather  than  syntactic.  This  is  the  excessive  use 
of  stylistic  embellishments  by  means  of  grammati- 
cally and  psychologically  superfluous  elements  and 
expressions  such  as  nnakereba  naranu"  (ought, 
must),  "koto  de  aru"  (is),  etc.  Such  roundabout 
expressions,  the  meaning  of  which  can  always  be 
given  more  concisely,  are  nevertheless  very  common 
in  Japanese.  By  complicating  still  further  the  al- 
ready hyper ambiguous , cumbersome  mechanism  of  ex- 
pression, these  "elegant”  circumlocutions  represent 
a final  source  of  inefficiency  in  the  Japanese  lin- 
guistic "transportation  system",  since  additional 
mental  and  physical  energy  must  be  expended  in 
first  assimilating,  then  rejecting  them  as  logical- 
ly irrelevant  or  superfluous  to  the  argument. 

In  illustration  of  the  points  just  mentioned, 
and  by  way  of  providing  additional  material  illus- 
trative of  the  whole  preceding  discussion,  the  fol- 
lowing examples  are  added. 

Naito:  loc.  cit.,  P.  3: 

a ® » imp  ic  # t 

i:  ft  -fr  tf  6 

x 6 *<  & s>  -r. 

Oryoku  ni  tai-shi  kako  ni  okoru  kyoku^noritsu 
narabi  ni  oryoku  no  santei  wa  koko  sekkei  ni 
hitsuyo-naru  yuiitsu  no  mkno  ni  shite,  fuatsu 
jishin  nado  ni  tai  shi  jubun  no  ky ode  to  kohi  no 
teiren  to  wo  hosseba , kanarazu  sono  sekkei  no 
hajime  ni  oite  kamen  narazarr^ekaraeu. 
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Lateral  forcea  to  corresponding  framed  at roe - 
turem  in  arising  bending  moamnta  and  stresses  cal- 
culations as  for  framed  structure  design  in  impor- 
tant being  number  one  fact  being,  wind  pressmen, 
e arthquakes , etc,  to  corresponding  sufficient 
strength  mnd  construction's  low  cost  that  if  desir- 
ing, certainly  deli  go*  a beginning  at  perfected  net 
being  must  not  be, 

' The  calculation  of  bending  vaenta  and  stream- 
aa  in  framed  structure*  due  to  lateral  ftinna  if 
the  nost  important  factor  in  the  design  of  a— h 
structures,  while  if  these  structures  are  to  hare 
sufficient  strength  to  withstand  wind  pressures, 
emrtbmeahe  shook,  etc. , as  well  as  low  cost  of  con- 
struction, tffeae  factors  noot  be  coaq>letely  ac- 
counted for  right  front  the  start  of  the  deaign. 

Same  source,  p.  240: 


oioil:43n^  b- 

Omari  hakuahi  aakin  kakushu  kenchi kubutsu  no 
jiki-ekindo  wo  kenaokm-eerare  aono  ahimpuku  no  dai- 
aho  oyobi  shuki  no  c ho  tan  wa  kenchikubutau  no 
toiahin-teki  kochi  anUwa  gokyorno  doai  wo  arawaau 
mono  to  no  ron  wo  noaar atari. 


Omori  doctor  recently  various  types  of  build- 
ings' natural  vibration  *meeat i gated , their  vibra- 
tion- amplitudes'  "big- small" and  periods'  "long- 
short"  buildings'  resist  earthquake  value  or  rigid- 
ity degree  demonstration  that  discussed. 
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Dr.  OMfi  has  recently  investigated  the  natur- 
al vibrations  of  various  types  of  buildings,  and 
has  ppinted  out  that  the  amplitude  and  period  of 
vibration  express  the  quake- resist ant  strength  or 
degree  of  rigidity  of  such  structures. 


tfc  T i&:  ff  ••  Particl e Theory:  by  Hideki  Yukawa: 
p.  3,  discussing  the  magnetic  moment  of  the  atomic 
nucleus: 

ZfllCRL  S * t> 

<9  #*£*!*,*>  * li  Bohr 

lA-eh/aseClSSOi*  g Jt  It  £ 5 & *C  2b  6 J&s  £ <9 

Tore  ni  han  shi  te,  kakunai  ni  dens  hi  ga 
soneai-sunk-naraba,  sorfo  jiki-noritsu  wa,  aru  baai 
ni  wa  Bohr  jishi  \L.-eh/ ascPiSjptyno  teido  ni  naru 
Kojbu  de  aru  ga,  kono  yt  na  kaku  wa  imada  mi- 
tsukaranai. 


This  contrary  to,  nucleus  within  electron(e) 
eximt  if  such  there  be,  their  magnetic  moment  now, 
such  a case  in,  the  Bohr  magneton  ^^eh/lmc* 1850^ 
amount  proportion  in  should  be,  but  that  type  of 
nucleus  am  yet  obaerred  ham  bean  not • 


Ob  the  contrary,  if  electrons  were  present  in 
the  (atomic)  nucleus  the  magnetic  ssnsent  should  be 
of  that  order  of  the  Bohr  magneton  ^^eh/2mcfi19S0^' 
but  such  a nucleus  has  not  yet  been  observed. 


These  three  features,  then,  all  serve  to  im- 
pair the  communicating  efficiency  of  scientific  snd 
technical  Japanese.  The  first  two  are  basic- -in- 
herent in  the  structure  of  the  Japanese  sentence. 
Thus  the  abnormally  sustained  synthetic  word  order 
and  the  use  of  the  "indefinite"  or  "continuative" 
verb  and  predicate  adjective  forms  set  permanent 
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limits  to  the  overall  effectiveness  of  the  language, 
and  constitute,  together  with  the  difficulties  of 
the  complex  script  and  the  technical  vocabulary,  a 
tremendous  "minimum  burden",  both  mental  and  physi- 
cal, which  the  Japanese  intellectual  worker  must 
bear.  As  for  the  stylistic  embellishments  men- 
tioned above,  they  could  quite  conceivably  be  erad- 
icated from  the  scientific  and  technical  language 
with  some  slight  mitigation  of  the  difficulties  of 
expression  and  interpretation,  but  compared  with 
the  exhausting  influence  of  the  basic  structural 
defects,  this  represents  a very  minor  improvement 
at  best. 

Fundamentally,  the  trouble  with  Japanese  is 
that  the  sentence  structure  withholds  vital  infor- 
mation till  the  end  of  the  statement,  the  respec- 
tive objects  of  discussion  being  relegated  to 
secondary  positions,  while  the  basic  action  of  the 
context  is  concealed  till  the  very  end,  all  of 
which  results  in  an  inescapable  vagueness  and  am- 
biguity of  the  whole  fomuJaticn.  For  the  purposes 
of  science  and  technology  language- -as  any  other 
tool  or  instrument- -must  operate  with  maximum  effi- 
ciency. Superfluous  elements  must  be  eliminated, 

and  the  essential  resiainder  must  be  formulated  in 

* 

the  simplest  manner  consistent  with  the  efficient 
performance  of  the  allotted  task --the  communication 
of  ideas.  In  so  far  as  the  structure  or  syntax  of 
Japanese  is  concerned,  it  must  be  said  to  violate 
the  basic  engineering  requirement  of  "efficient 
functioning",  since  it  compels  us  to  traverse  the 
same  linguistic  path  several  times  in  order  to 
attain  a degree  of  understanding  which,  in  a more 
logical  word-order,  should  come  from  a single  pas- 
sage along  the  "linguistic  transportation  system". 
Since  Japanese  conspicuously  fails  to  achieve  this. 
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on  the  score  ot  its  structure  alone  it  must  be 
rated  as  thoroughly  inefficient,  wasteful,  and  in- 
adequate for  the  purposes  of  scientific  and  techni- 
cal communication. 

The  question  then  arises:  if  Japanese  is  in- 
deed as  cumbersome  and  inefficient  as  it  appears  to 
be,  how  is  it  possible  for  the  Japanese  scientist 
and  engineer  to  formulate  his  thoughts  with  any  de- 
gree of  clarity  and  precision,  and  to  express  them 
adequately?  How  have  they  been  able  to  offset  the 
crushing  burden  of  the  irrational  Japanese  "idiom” 
they  are  forced  to  use?  The  answer  lies  in  the  na- 
ture of  the  Japanese  technical  vocabulary,  which, 
based  on  written  Chinese  and  making  the  freest  use 
of  the  visual ly  assimilated  Chinese  characters,  has 
absorbed  many  of  the  virtues  of  the  Chinese  tech- 
nique of  expression:  conciseness,  convenience, 
accuracy,  and  frequently,  a vivid  and  picturesque 
phraseology. 

Thus  an  entirely  different  picture  is  pre- 
sented by  the  Japanese  technical  vocabulary.  Be- 
fore proceeding  to  the  analysis  of  the  latter,  how- 
ever, a digression  on  the  related  problem  of  the 
Japanese  script  would  seem  to  be  in  order. 

In  the  first  place,  the  use  of  pictorial  sym- 
bols, like  the  Sino- Japanese  ideographs,  which 
appeal  to  the  eye  rather  than  to  the  ear,  possesses 
certain  powerful  advantages.  As  I pointed  out  in 
my  paper  mentioned  earlier,  this  is  attested  by  the 
widespread  and  growing  use  of  this  type  of  symbol- 
isation  in  science  and  technology.  The  classic  ex- 
amples are,  no  doubt,  mathematics  and  chemistry. 
In  the  case  of  the  former,  for  example,  most  of  its 
complex  expressions,  formulae,  equations,  etc.  are 
visually  grasped  and  assimilated  as  a necessary 
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precondition  of  interpretation.  In  a page  of  ordi- 
nary mathematical  text  one  will  find  these  complex 
"pictographic"  expressions  interspersed  irt  a "ma- 
trix" of  ordinary  printed  material  recognizable  to 
all.  In  dealing  with  such  material  the  reader  con- 
stantly shifts  from  a "phonetic"  interpretation  of 
the  familiar  words  of  the  text --however  this  may  be 
concealed  by  the  customary  speed  and  skill  with 
which  we  handle  ordinary  printed  mat ter- -to  a "vis- 
ual assimilation”  of  the  complex  mathematical  ex- 
pressions, symbols,  etc.  In  a typical  statement 
like  "The  functions  f(x,y)  and  g(x,y)  are  independ- 
ent if  the  Jacobian  , _ 

-L  OL 

dx  dy 

* * ? o", 

dx  dy 

the  expressions  f(x,y)  and  g(x,y),  and  the  inequal- 


dl  ^ 

dx  dy 

H dg 
dx  dy 


/ 0 


ity  would  almost  certainly  be  visually  recognized 
and  interpreted  by  a practised  mathematician,  with- 
out an  intervening  stage  of  phonetic  reproduction 
of  the  sounds  represented  by  the  symbols  used,  f, 
x,  y,  g,  0,  etc.  Almost  any  page  of  mathematics 
will  illustrate  this  same  point.  Indeed,  mathemat- 
ics has  probably  evolved  so  luxuriously  and  so  pow- 
erfully largely  because  of  its  early  recognition 
and  extensive  use  of  a script  based  on  visual  sym- 
bols. 

Remarkably,  this  is  very  much  what  the  situa- 
tion is  in  Japanese;  and  there  is,  in  fact,  a 
striking  analogy  between  printed  Japanese  and 
printed  mathematics.  Japanese  too  uses  a mixed 
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ideographic  and  symbolic  script,  consisting  of  a 
great  mass  of  borrowed  Chinese  characters  and  a 
small  group  of  purely  Japanese  phonetic  elements 
for  purposes  of  grammatical  exposition.  As  Sansom 
(loc.  cit.  p.  7)  puts  it:  "The  Chinese  characters 
(which  are  pictographic  or  ideographic)  give  the 
skeleton  of  a statement,  and  it  is  clothed  in  an 
elaborate  grammatical  robe  of  Japanese  texture  com- 
posed of  moods,  tenses,  and  other  intricacies....", 
and  this  is  done  chiefly  by  means  of  the  phonetic 
elements,  called  "Kana"  by  the  Japanese.  This  has 
resulted,  it  must  be  admitted,  in  a weird  and  dif- 
ficult hybrid  script  which  becomes  even  more  re- 
markably mixed  when  it  is  used  for  scientific  and 
technical  purposes,  for  then  elements  of  the  Euro- 
pean symbol  systems  are  also  introduced  from  mathe- 
matics, chemistry,  engineering,  etc. 

However,  although  it  cannot  be  denied  that  the  - 
complex  Japanese  script  is  one  of  the  chief  diffi- 
culties of  the  language,  it  must  be  born  in  mind 
that  the  use  of  the  Chinese  ideographs  is  entirely 
in  accord  with  the  prevailing  spirit  and  practice 
of  scientific  formulation;  and  is,  in  fact  entire- 
ly parallel  to  our  modern  and  highly  successful 
mathematical  script.  It  is,  in  fact,  by  no  means 
far-fetched  to  maintain  that  a script  based  on 
ideographic  or  "pictographic"  symbols  constitutes 
a powerful  release  from  the  prevailing  custom  which 
arbitrarily  shackles  our  system  of  writing  to  our 
system  of  speech,  notwithstanding  that  what  is 
essentially  a visual  medium  of  communication  is 
thereby  unnecessarily  and  arbitrarily  limited  to 
reproducing  speech,  the  product  of  an  entirely  dif- 
ferent means  of  communication.  This  results  in  our 
script  losing  its  most  potent  and  useful  quality: 
that  of  enabling  us  to  deal  much  more  quickly,  con- 
veniently, and  directly  with  ideas,  rather  than 
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with  ”a  written  symbol  of  a spoken  symbol  of  thei 
idea”.  This  situation  is  similar  to  what  we  would! 
have  if,  say,  painting  were  to  be  restricted  to* 
imitating  the  content  and  technical  forms  of 
music. 

However,  none  of  the  existing  sciences  has  as. 
yet  learned  to  dispense  entirely  with  ordinary 
script,  and  even  mathematics  still  depends  very 
largely  on  ordinary,  everyday  language  in  its  cus- 
tomary printed  form  for  purposes  of  recording  and 
communication.  This  has  resulted,  as  we  have  indi- 
cated above,  in  a sort  of  mixed  or  hybrid  script 
which  partakes  of*  both  the  phonetic  or  aural  and 
the  visual  or  ideographic  type  of  linguistic  sym-  • 
boli sat ion.  But  in  so  far  as  the  ideographic  por- 
tion of  the  Japanese  script  is  concerned,  Sansom 
has  well  said:  ”The  Chinese  character  can  convey  ! 
to  the  eye  any  meaning  assigned  to  it,  irrespective 
of  the  sound  by  which  it  may  be  known”.  This  is 
exactly  what  our  mathematical  and  other  technical 
pictographic  symbols  are  intended  to  do.  For  ex- 
ample, in  a statement  like, 

— t,- 
ZfrliiEKtelift  5- 

99 

C In  general,  whan  two  qualitat ively  di ffarant  bod - 
iea  are  rubbad  together,  ona  becomes  poa it ivaiy 
charged , the  other  negatively  charged".)  , the  Chi- 
nese characters  and  costpounds,  as  fi  SR. 

etc.  which,  as  Sansom  said,  ”give  the  skeleton 
of  a statement”,  are  capable  of  immediate  visual 

assimilation  and  interpretation,  permitting  the 
reader,  so  to  speak,  to  proceed  directly  to  their 
significance  without  an  intervening  stage  of  pho- 
netic reproduction  and  interpretation,  srhereas 
the  purely  phonetic  elements,  asic.O.Sr.t.li etc.  , 
which  indicate  various  grammatical  and  syntactic 
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relationships  of  the  ideas  and  concepts  symbolised 
by  the  Chinese  characters,  must  be  visually  recog- 
nized and  phonetically  interpreted  to  yield  thejir 
significance  in  the  context. 

Fundamentally,  the  difficulty  of  the  Japanese 
script  stems  rather  from  the  historical  accident 
that  the  Japanese  uncritically  adopted  for  use  the 
whole  prolix  mass  of  Chinese  ideographs  which  had, 
in  the  course  of  several  thousand  years  of  unre- 
stricted growth,  developed  a luxuriant  tangle  of 
unnecessary  "undergrowth",  so  that  it  contains  a 
multitude  of  unnecessary  duplications  and  redupli- 
cations of  characters  representing  essentially  the 
same  idea.  In  fact,  the  difficulty  is  very  much 
the  same  as  that  which  existed,  and  to  some  extent 
still  exists,  though  on  a far  less  massive  scale, 
in  the  large  number  of  unstandardized  symbols  in 
use  in  modern  science  and  technology.  Indeed,,  the 
problem  became  so  acute  in  science  and  technology 
as  to  compel  the  establishment  of  standardization 
committees  for  the  purpose  of  bringing  order  out  of 
the. growing  chaos  of  unrestricted  symbolic  expres- 
sion which,  if  unchecked,  might  have  led  to  de- 
moralization of  the  whole  necessary  technique  of 
ideographic  symbolism  so  important  to  mathematics, 
electrical  engineering,  chemistry,  radio,  etc. 

Unfortunately  for  Japanese,  however,  it  has 
never  had  a committee  on  standards  to  fix  the  spe- 
cific meaning  of  the  characters  once  and  for  all, 
at  least  for  the  purposes  of  science  and  technolo- 
gy. Instead  we  have  the  unfortunate  situation  in 
which  a dozen  or  more  different  characters  can  all 
have  the  same  meaning,  or  conversely,  the  same 
character  can  have  a dozen  or  more  different 
meanings.  For  example  ©tc.  all 
mean  "to  rotate,  revolve,  turn",  and  must  all 
be  learned  because  a Japanese  author  is  free  to 
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use  any  one  of  these  in  a text,  or  as  part  of  a 
compound  expression.  When  it  is  realised  that  this 
same  point  applies,  to  a greater  or  lesser  degree, 
to  the  whole  Sino- Japanese  vocabulary,  it  can  easi- 
ly be  seen  what  an  immense  and  unnecessary  consump- 
tion  of  energy  is  required  to  learn  printed  Japa- 
nese. One  need  only  visualise  what  the  situation 
would  be  if  there  were  several  English  terms  for 
every  concept  in  science  and  technology.  But  just 
as  one  cannot  quarrel  with  the  use  of  ideographic 
symbols  in  mathematics,  or  any  other  branch  of 
science  or  technology,  so  it  is  impossible  to  say 
that  Japanese  would  be  simplified  if  the  characters 
were  discarded  in  favor  of  a purely  phonetic 
script. 

What  Japanese,  and  Chinese,  for  that  matter, 
needs  is  to  have  its  script  vocabulary  pruned, 
sifted,  and  refined,  so  that  the  many  thousands  of 
characters  which  needlessly  duplicate  each  other’s 
meanings,  and  which  thereby  impose  such  a heavy 
burden  of  memorization  on  the  user  of  the  language 
that  for  practical  purposes  the  great  potentiali- 
ties of  the  ideographic  or  pictographic  script  are 
nullified,  might  be  reduced  to  a reasonable  1000  to 
2000  carefully  selected  elements.  In  the  resulting 
product  of  such  a systematic  refinement  and  simpli- 
fication of  the  crude  mass  of  symbols  used,  these 
languages  would  have  at  their  disposal  a powerful, 
concise,  and  "universal”  scientific  script.  But  as 
matters  now  stand,  the  heterogeneous  mass  of  char- 
acters now  in  use  are  simply  an  added  source  of  in- 
efficiency in  the  language.  Yet  the  fact  remains 
that  their  use  is  the  one  saving  element  in  the 
whole  irrational  Japanese  language  complex,  which 
must  not  only  support  an  involved  and  inefficient 
syntax,  but  also  a wealth  of  homonyms  which  would 
make  the  technical  language  practically  impossible 
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to  understand  if  the  ambiguities  of  phonetic  re- 
production were  not  immediately  resolved  by  the  use 
of  the  characters.  For,  instance,  there  are  per- 
haps 400  ^concepts  represented  in  Japanese  by  the 
sound  ,fkon;  yet  each  of  these  is  quickly  and  accur- 
ately identified  when  represented  by  a Sino-Japa- 
nese  character.  Thus  the  quarrel  is  not  with  the 
use  of  the  ideographic  script  as  such,  but  with  its 
unsystematic§ and  indiscriminate  employment  caused 
by  the  uncritical  absorption  of  the  whole  mass  of 
Chinese  characters  by  the  Japanese. 

The  fact  of  the  matter  is  that  the  Sino- Japa- 
nese characters,  and  related  pictographic  symbol 
systems  like  those  of  science  and  engineering, 
mathematics,  etc.  have  powerful  advantages  over  the 
purely  phonetic  systems  not  only  in  greater  con- 
ciseness of  expression,  but  in  an  enhanced  sugges- 
tiveness and  broadened  field  of  implication  which 
far  transcend  the  corresponding  characteristics  of 
the  latter.  They  have,  so  to  speak,  added  or  en- 
larged dimensions  of  form  and  indication  which  are 
lacking  in  the  rigidly  phonetic  symbolisms.  In- 
deed, it  is  not  going  too  far  to  say  that  the 
graphical  vocabulary  of  Chinese  and  Japanese  is 
closer  in  spirit,  technique,  and  range  of  implica- 
tion to  the  systems  of  pictographic  symbols  used  by 
modern  science  and  technology  than  any  other  system 
of  writing,  ancient  or  modern.  Moreover,  this  fact 
opens  up  the  possibility  of  a new  and  suggestive 
field  of  stijdy- -comparative  symbolics,  as  opposed 
to  comparative  linguistics.  Here  ”family  relation- 
ships” would  be  established  not  on  the  basis  of  the 
historical  or  hereditary  affinity  found  in  lin- 
guistic groups  hitherto  investigated,  but  on  an 
ideological  or  psychological  affinity  implied  in 
similar  graphical  solutions  of  particular  symbolic 
formulations.  For  example,  the  complex  pictograph- 
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ic  symbol  which  means  a "condenser 
grounded  through  a^ariable  resistance"  to  an  elec- 
trician, includes  the  pictographic  or  ideographic 
elements.,#'  signifying  "ground"  (or  verbally  "to 
ground  ),  -^ww-  variable  resistance  , and  ^ con- 
denser", whose  meanings  are  entirely  independent  of 
any  phonetic  value  attributed  to  them,  yet  are  im- 
mediately apparent  and  absolutely  definite  to  per- 
sons familiar  with  this  script.  These  highly  sim- 
plified little  pictures  of  a wire  leading  to  the 
ground,  a coil  of  wire  with  an  accessory  "tap",  and 
a plate  condenser  respectively  are  perfectly  analo- 
gous to  the  corresponding  Sino- Japanese  characters, 
which  also  convey  their  meaning  through  visual 
rather  than  phonetic  recognition,  though  native 
Chinese  or  Japanese  scholars  rarely  conceive  them 
as  purely  visual  symbols.  At  any  rate  both  are 
examples  of  an  ideographic  or  pictographic  script, 
which  points  up  what  I have  said  elsewhere  of  the 
resemblance  of  a page  of  printed  Japanese  to  one 
of, say,  electrical  theory,  or  mathematics. 

To  conclude  this  not  entirely  irrelevant  di- 
gression on  ideographic  symbol  systems,  it  is  worth 
noting  that  it  was  precisely  the  need  to  formulate 
the  immense  mass  of  new  scientific  ideas  and  ob- 
jects contained  in  occidental  science  and  technolo- 
gy that  impelled  the  Japanese  to  commit  themselves 
permanently  to  the  Chinese  ideographic  script.  Up 
to  the  end  of  the  19th  century  a vigorous  movement 
existed  in  Japan  whose  purpose  was  the  abolition  of 
the  character  script,  and  its  replacement  by  the 
socalled  "Romaji"  or  Latin  script  in  general  use  in 
Western  Europe.  But  soon  after  the  turn  of  the 
century  it  became  increasingly  apparent  to  the 
Japanese  that  in  the  Chinese  characters  they  were 
in  possession  of  a thoroughly  satisfactory  set  of 
"symbolic  building  blocks"  or  elementary  picto- 
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graphic  symbols  which  were  able,  either  singly  or 
combined  in  groups,  to  express  the  new  ideas  direct- 
ly, or  to  supply  an  adequate  equivalent  of  the  new 
object  or  concept.  Moreover,  the  use  of  the  char- 
acters in  combinations  of  two,  three,  four,  up  to 
seven  or  eight  characters  or  elements  was  for  prac- 
tical purposes  infinitely,  extensible , so  that  as 
fast  as  the  new  technical  concepts  were  confronted, 
a handy,  frequently  highly  descriptive  or  sugges- 
tive equivalent  in  terms  of  the  character  compounds 
could  be  synthesized.  It  is  indeed  an  interesting 
fact  that  the  unprecedented  revival  of  the  use  of 
the  Chinese  characters  by  the  Japanese  should  have 
been  so  largely  conditioned  by  the  need  to  assimi- 
late as  rapidly  and  as  completely  as  possible  the 
whole  new  world  of  ideas  comprising  the  body  of 
western  science  and  technology  which,  in  turn,  had 
already  independently  started  the  development  of 
another  set  of  ideographic  symbols  for  the  solution 
of  more  or  less  the  same  problem  confronting  the 
Japanese . 
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PART  II:  THE  JAPANESE  TECHNICAL  VOCABULARY 


In  many  ways  the  Japanese  technical  vocabulary 
is  a very  remarkable  achievement,  as  well  as  a 
"sine  qua  non"  of  technical  expression  in  that  lan- 
guage. In  several  ways,  too,  it  is  indeed  superi- 
or to  our  European  terminologies:  first,  in  its  use 
of  an  ideographic  script,  second,  in  the  fact  that 
many  of  its  terms  are  more  self-explanatory  than 
ours,  third,  in  its  use  of  "functional"  terms.  Be- 
fore going  into  this,  however,  it  is  well  worth  re- 
marking once  more  that  the  development  of  this  im- 
mense scientific  and  technical  Japanese  vocabulary 
--in  little  more  than  fifty  years- -amounting  to 
many  tens  of  thousands  of  new  terms  in  the  lan- 
guage, and  designed  to  deal  with  the  whole  new 
world  of  ideas  presented  by  the  "fait  accompjji"  of 
European  science,  is  one  of  the  most  remarkable 
events  in  the  history  of  language. 

Essentially,  the  procedure  of  the  Japanese  in 
this  immense  task  was  to  analyse  the  new  technical 
concept,  mechanism,  or  relationship  into  what  were 
conceived  to  be  its  essential  components,  then  to 
assign  Chinese  characters  or  groups  of  characters 
which  with  varying  degrees  of  accuracy  or  complete- 
ness represented  the  Japanese  conception  of  the  new 
entity,  or  of  enough  of  its  basic  features  to  iden- 
tify it.  This  technique,  however,  was  not  really 
new,  since  it  is  exactly  what  the  Chinese  had  been 

% 

*Some  of  the  material  in  this  section  has  appeared 
in  a restricted  technical  manual  issued  by  the  War 
Department  from  material  prepared  by  the  author  for 
the  U.  S.  Army  Signal  Corps. 
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doing  for  thousands  of  years  in  developing  their 
own  terminology- -not  necessarily  technical.  What 
the  Japanese  did  was  simply  to  apply  or  adapt  the 
existing  Chinese  technique  of  coining  terms  on  a 
gigantic  scale,  and  to  a fresh  field,  after  first 
analysing  the  new  concepts  for  their  basic  charac- 
teristics, which  were  what  the  adopted  characters 
were  intended  to  symbolize.  Two  points  must  be 
kept  in  mind  here:  Pirat,  this  vocabulary,  though 
Chinese  in  the  sense  that  it  is  built  up  of  Chinese 
characters,  was  already  so  completely  Japanized 
as  a technique  through  long  practice  that  the  new 
terminology  did  not  appear  at  all  "foreign"  to  the 
Japanese.  Sansom  (loc.  cit.  p.  33)  puts  the  matter 
thus:  "The  history  of  the  Japanese  vocabulary  for 

many  centuries  after  the  introduction  of  Chinese 
learning  (and' script)  may  be  summarized  as  a tale 
of  borrowing  from  Chinese,  commencing  with  indepen- 


dent words,  and  continuing  on  an  increasing  scale, 
with  compounds.  Today  the  Chinese  words  in  the 


language  are  far  more  numerous  than  those  of  native 
origin  . He  adds  (p.  67),  that  "The  only  new  fea- 


ture of.  interest  is  the  modern  habit  of  forming  new 
Chinese  compounds  without  reference  to  Chinese  pro- 
cedure"; and,  incidently,  new  characters  which, 


though  built  up  of  Chinese  elements,  are  themselves 
new  configurations  used  only  in  Japan,  and  known  as 

If  OT  vv 

kokuji  , or  national  characters  . Their  number 
is  small- -no  more  than  200-300,  and  they  generally 
have  a very  specific  technical  significance,  as  a 
specific  Japanese  unit  of  measure,  or  implement, 
etc.  Second:  since,  in  formulating  the  new  terms, 
the  basic  ideas  were,  in  general,  first  clearly 
analyzed  and  carefully  weighed,  the  individual 
terms,  and  the  vocabulary  as  a whole,  both  appear 
to  be  quite  rationally  and  systematically  devel- 
oped, so  that  the  overall  characteristics  of  the 
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Japanese  technical  vocabulary  are  distinctly  favor- 
able, or,  from  the  point  of  view  of  technical  re- 
quirements, highly  efficient. 

Before  proceding  to  a more  detailed  study  of 
the  Japanese  technical  vocabulary,  however,  it  is 
advisable  to  outline  a few  of  the  salient  features 
of  technical  terms.  Scientific  and  technical  terms 
--or  better  names”- -are  all  either  descriptive,  or 
functional,  or  both.  That  is,  the  name  tells  us 
what  the  thing  is,  or  what  it  does,  .or  indicates 
both  at  once.  Accordingly,  when  we  consider  the 
"names"  of  scientific  or  technical  entities,  we 
find  that  they  reveal  two  basic  types  of  nomencla- 
ture: a)  those  which  describe  the  appearance,  a 
structural  detail,  or  some  more  or  less  striking 
element  in  the  appearance  of  the  object,  as  a 
"gear-driven  press”,  a "laminated”  or  "leaf  spring", 
"high-speed  engine";  b)  those  which  indicate  the 
function  of  the  entity  in  question,  ns  "insulating 
varnish",  "gear-cutting  machine",  "steam  genera- 
tor". In  addition  there  is  a large  sub-group  of 
type  a)  which  describes  an  object  or  concept  in 
terms  of  its  manufacture,  source  of  origin,  or  in- 
ventor or  discoverer,  as  "Cottrell  precipitator", 
"lead  pipe",  "open-hearth  steel",  "Bessel  func- 
tions", etc.  The  great  bulk  of  technical  terms  in 
any  language  belong  to  one  or  another  of  these 
categories,  and  the  same,  of  course,  is  true  of 
Japanese. 

Of  these,  the  second  group  above- -the  "func- 
tional" names- -are  generally  superior  to  the  purely 
descriptive  terms  because  very  often  a complicated 
machine  is  designed  to  perform  a relatively  simple 
function,  as  a planer"  among  machine  tools,  or  a 
"pile  driver".  In  such  a case  a descriptive  term 

might  select  any  one  of  a multitude  of  descriptive 
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or  structural  details  of  the  machine  for  the  name, 
leaving  unmentioned  a multitude  of  equally  impor- 
tant or  striking  features;  but  the  function  of  the 
machine  is  unique,  and  characteristic  of  it  alone. 
Ideally,  both  elements  should  appear  in  the  com- 
plete name,  so  that  if  the  basic  term  is  already 
indicative  of  a "functional”  characteristic  of  the 
object,  the  rest  of  the  name  will  be  descriptive, 
and  if  the  term  is  already  descriptive,  the  com- 
plete expression  will  include  a functional  element; 
i.e.  both  structure  and  function  must  somehow  be 
indicated  in  the  complete  term.  For  example,  "in- 
sulating varnish"  adds  a functional  concept,  "in- 

® AM  A A 

sulating  , to  the  descriptive  term  varnish  , while 
"synchronous  generator",  reversing  the  situation, 
modifies  the  functional  term  "generator"  by  means 
of  the  descriptive  concept  "synchronous".  It  must 
be  understood  that  the  distinction  indicated 
here  is  not  a rigidly  marked  one,  since,  as  I 
pointed  out  in  my  paper  "Language  and  Science",  to 
the  expert  in  a given  field  the  structural  or  des- 
criptive characteristics  of  a machine  and  its  func- 
tion are  necessarily  and  indissolubly  related. 
That  is,  each  helps  to  define  the  other,  so  that 
both  merge  in  an  integrated  conception  in  which 
structure  and  function  or  operation  are  simply 
correlative  phases  of  a larger  conceptual  unit  em- 
bracing both.  But  for  practical  purposes  of  clas- 
sification of  nomenclature,  the  distinction  still 
has  its  uses. 

In  general,  it  can  be  demonstrated  that  the 
Japanese  technical  vocabulary  definitely  favors  the 
"functional"  type  of  name,  as  opposed  to  the  des- 
criptive. Furthermore,  becaifse  of  its  well  known 
capacity  for  turning  practically  any  "Chinese"  sub- 
stantival construction  into  a verbal  one  by  suffix- 
ing the  Japanese  verb  "suru:  to  make,  do,  perform",, 
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is  well  as  because 


1 1 


ost  of  the 


Sino- Japanese  char- 


icters  have  both  verbal  and  nominal  significance, 
*e  find  that  Japanese  comes  much  closer  to  the 
ideal  symbolisation  of  the  structural  and  function- 
al characteristics  of  technical  objects  by  means  of 
identical  root  concepts  than  does  any  European  lan- 
guage. In  these  respects,  as  well  as  in  others  to 
be  indicated,  Japanese  possesses  a superior  techni- 
cal vocabulary  and  system  of  nomenclature  which 
partly  offsets  the  devastating  inefficiency  of  its 
syntax. 


The  following  are  examples  of  the  Japanese 
predilection  for  functional  terms,  where  the  corre- 
sponding English  is  purely  descriptive:  "leaf 
spring"  or  "laminated  spring"is  given  as  jj«»l  #8 
or  (,!'  fa  "ninai  bane"  or  "load-bearing  spring", 
as  well  as  and  JR  5$  literally  "leaf" 
and  "laminated  spring"  respectively.  Again,  "split 
rudder"  (aeronautics)  is  given  as  $l|  9h  l»J  At  or 
"braking  rudder",  which  is  descriptive  of  its  func- 
tion, as  is  Tfc  i£  "aerost ructure",  literally 
"flight  raising  or  sustaining  structure"  in  Japa- 
nese. Similarly  "Cottrell  process"  is  given  as 

or  "electric  dust  collection  pro- 
cess", etc.  This  last  example  is  an  interesting 
one  as  it  illustrates  the  general  tendency  in  tech- 
nical Japanese  to  make  the  vocabulary  as  specific 
as  possible.  As  there  are  a great  many  technical 
terms  in  English  and  other  European  languages  which 
simply  indicate  a personal  or  geographical  name 
connected  with  the  object  in  question,  or  include 
some  other  irrelevant  element,  the  Japanese  term  in 
such  instances  is  often  a definite  improvement. 
For  example,  this  superiority  of  the  Japanese  no- 
menclature is  quite  evident  in  the  field  of  miner- 
alogy, where  our  own  arbitrary  terms  are  often  re- 
placed by  instructive  Japanese  equivalents:  e.g. 
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"pisanite*  becomes  IS  H literally  "copper -green 
vitriol",  "tephrite"  is  literally 

"ash-colored  basalt",  etc.  Some  other  instances  of 
Superior  Japanese  terminology  are:  5||  (or|?K  ) $£  fit 
"landing  gear",  depending  on  whether  the  plane 
lands  on  the  ground  or  alights  on  water,  {sg  jg  Pfc 
^literally  "disappearing  and  reappearing  landing 
gear"  for  "retractable  landing  gear"  (aeronautics), 
the  very  neat  distinction  indicated  in  the  use  of 
3£tE^Pfor  "armature"  in  electric  generators,  and 
Wj  ^for  "armature"  in  electric  motors,  where  the 
first  says  literally  "electricity  emitter  or  pro- 
ducer", the  second  "electrically  motivated  rotor"; 
again  ft  "wire  drawing"  (steam  engineering)  is 
entirely  misleading  in  English,  where  the  Japanese 
says  more  accurately  "steam  reduction",  or  "thin- 
ning"; similarly,  fa  tfb  7 Jc  "steam  trap",  where,  as 

the  Japanese  plainly  indicates,  it  is  really  water 
which  is  "trapped,"  and  Ml ft  "distribution  cen- 

ter", where  the  Jaoanese  says  "assembling  and  dis- 
tributing center”.  This  last  term,  and  the  Japa- 
nese examples  for  "armature"  above  are  illustrative 
of  the  happy  faculty  both  Chinese  and  Japanese 
share  of  being  able  to  make  important  distinctions 
between  or  additions  to  specific  concepts  very 
neatly  and  concisely  because  of  the  compactness  of 
the  Sino- Japanese  characters,  which  nevertheless 
carry  a full  ^charge"  of  meaning,  and  a wide  range 
of  implication. 

An  interesting  and  important  group  of  terms  in 
Japanese  (and  Chinese)  uses  the  implied  synthesis 
of  "opposed  concepts"  to  provide  a general  notion 
^iich  includes  both  the  extremes  and  a multitude  of 
intermediate  degrees,  as  jrj  <£».  literally  "high- 
low",  for  "height",  "near- far"  for  "distance", 

# fiii  "extension- contract  ion"  for  "expansibility", 
M & "slow- fast " for  "speed",  £ d?  "much-little" 
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for  "mount,  quantity,  number",  "long-short" 

for  "length",  etc. 

Then  there  are  whole  series  of  terms  in  tech- 
nical Japanese  which  contain  a constant  element, 
and  which  are  generally  analogous  to  corresponding 
English  groups.  The  following  are  fairly  common: 
*T»  frequently  equivalent  to  the  English  suffix 
"-able",  is  "variable";  Sfj  "mobile",  etc., 

HM.  "electrical^",  which  enters  into  a multitude 
of  compounds;  4*3?  and  5 3?  wsmall  type"  or  "minia- 
ture"; ^ W]  ( ffj.fftJU, etc.  ) "hand  operated"  or  "man- 
ually operated";  the  important  character  #, 
which  appears  frequently  in  structural  and  civil 
engineering  literature,  where  it  signifies  "beam, 
girder*  angle  iron,  etc.",  as  T-3 S#  "T- steel", 
J8J  ffe  lU  32  "boundary  angle-iron"  (shipbuild- 
ing1), etc.;  "effective"  as  ft  $}j  ft  "effec- 

tive height",  etc;  fife,  which  often  corresponds  to 
the  English  suffix  "-proof",  as  in  £ £ fife  "dust- 
proof  ",  M 3ft  "water-proof ",  literally  "dust-ex- 
cluding" and  "water  (or  moisture)  excluding";  fir 
corresponding  to  English  "per",  as  in  « * s at  Jit 
specific  weight  (of  an  airplane  engine),  literal- 
ly "weight  per  horse  power",  it  -suru,  as  in  fffi  5$  it 
-suru  "to  simplify",  it  -suru,  "to  acidify",  etc., 
jffi.  preceding  a chemical  compound  and  signifying  an 
"-ous"  compound,  as  opposed  to  the  normal  "-ic" 
compounds,  as  in  jig  frt  "arsenious  acid",  and  in 
corresponding  "-ite"  salts,  as  3?.  fffr  r s * - u 
"ammonium  nitrite",  etc.  In  the  case  of  "zinc"  and 
"plumbous",  gi  g>,  an  inevitable  ambiguity  has 
arisen,  as  in  SF  fft  f®  which  could  be  either 
"zincite"  or  "plumbite". 

Another  noteworthy  point  in  Japanese- -once 
again  common  to  Chinese- -is  the  use  of  the  numeri- 
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cal  "classifiers",  corresponding  to  English  expres- 
sions like  "3  panes  of  glass",  "5  yoke  of  oxen", 
etc.  For  exanple,^  |jg  ~ ® ~ gunk  an  niso~  "two  war- 
ships"; ~kani  sammai " "three  sheets  of 

paper",  where  the  j®  and  are  examples  of  these 
"auxiliary  numerals",  as  they  are  also  known.  An 
adequate  discussion  of  these  is  found  in  most  Japa- 
nese grammars,  and  their  use  in  technology  is  ex- 
actly equivalent  to  their  use  in  common,  everyday 
Japanese,  so  they  will  not  be  further  considered 
here.  However,  there  is  a curious  possible  connec- 
tion between  them  and  a group  of  characters  used 
for  specific  types  of  instruments,  as  ffi,  which  is 
generally  used  in  the  names  of  astronomical  and 
surveying  instruments  like  B8  "alidade",^  ft 

"sextant",  etc. 

Problems  of  Translation. 

When  we  come  to  the  practical  question  of 
translating  scientific  and  technical  Japanese  we 
find  that,  over  and  above  the  formidable  difficul- 
ties of  the  involved  and  "irrational"  Japanese  syn- 
tax, there  are  additional  problems  due  to  the  na- 
ture of  the  Japanese  script  and  vocabulary.  The 
major  difficulties  here  are  1)  the  complexity  of 
the  script  itself;  2)  Japanese  "kana"  terms, 
particularly  in  the  field  of  chemistry  and  as  used 
for  personal  names;  3)  the  vast  number  of  synony- 
mous terms:  i.e.  a multiplicity  of  Japanese  terms 
for  a single  English  equivalent. 

Complexity  of  the  Japanese  Script.  It  is; 
quite  probable  that  scientific  and  technical  Japa-  ’ 
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nese  is  the  most  complex  and  difficult  script  in 
use  in  the  modern  world.  It  employs  not  only  the 
whole  involved  system  of  Sino- Japanese  ideographs, 
which,  indeed,  form  the  backbone  of  the  whole 
script,  but  also  two  purely  Japanese  phonetic  syl- 
labaries with  their  own  peculiar  scripts,  the  so- 
called  "Katakana"  and  "Hiragana",  and  in  addition 
the  whole  tremendously  complicated  European  symbol- 
ic script  developed  for  such  fields  as  mathematics, 
chemistry,  and  the  various  branches  of  engineering 
and  applied  science,  plus  additional  fragments  like 
the  Arabic  numerals,  letters  of  the  Greek  alphabet, 
etc.  Any  or  all  of  these  is  apt  to  appear  on  a 
page  of  scientific  or  technical  Japanese,  so  that 
from  the  point  of  view  of  the  overall  complexity  of 
the  script  alone  it  is  not  difficult  to  see  that 
accurate  translation  of  scientific  Japanese  is 
probably  the  most  formidable  task  in  the  whole 
field  of  linguistic  communication.  Moreover,  the 
isolated  fragments  of  European  symbol  systems  men- 
tioned above  combine  in  various  peculiar  ways  with 
Sino- Japanese  elements  to  form  Japanese  technical 
terms,  which  makes  the  problem  of  ordering  such  a 
heterogeneous  mass  of  material  into  a "rational” 
dictionary  order  extremely  difficult,  if  not  impos- 
sible. 

In  this  mixed  mass  of  printed  material  it  of- 
ten becomes  something  of  a problem  just  to  isolate 
and  identify  a technical  term  in  a larger  context. 
Here  the  difficulty  stems  directly  from  the  over- 
whelming complexity  of  the  Japanese  technical 
script,  for  it  is  equally  possible  to  have  technical 
concepts  expressed  by  the  Sino- Japanese  characters 
alone,  either  singly  or  in  compounds  employing  up 
to  a dozen  or  more  characters,  by  the  two  systems 
of  "kana",  by  various  combinations  of  elements  of 
these "purely”  Japanese  ingredients,  or,  finally, 
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by  various  agglutinations  and  combinations  of  these 
Japanese  components  with  fragments  taken  from  the 
European  symbol  systems  mentioned  above,  either 
words,  letters,  abbreviations,  mathematical  sym- 
bols, etc.  Though  the  great  bulk  of  Japanese  tech- 
nical terms  belong  to  the  first  category- -single 
Sino- Japanese  characters  or  group  coiribinations  of 
these  characters- -the  others  are  frequently  encoun- 
tered: e.g.  7 >"< — r 0 tfr  "number  of  ampere- 
turns"  (electricity),  pH  fa  J)  flfc  fi  t*  — fc*  ^ "double 
flow  turbine",  S r ^ 7 ± ^inverted  L-type 
antenna",.  it  **>  ^ — jr  "plate  bending  roller", 

if  W.  ® Vk  "transmission  lineTT-circuit " (el. 
eng?),  B "through-Y"  (railroading),  =oi NL  ^ 
7 * ? $1  "three-throw  crankshaft",  etc.  In  this 
situation  it  must  be  admitted  that  only  experience 
and  a willingness  to  experiment  with  possible  com- 
binations can  help  the  translator. 

An  interesting  point  in  this  connection  is  the 
use  of  European  letters  of  the  alphabet,  and  some 
Sino- Japanese  characters,  for  their  pictorial  val- 
ue, as  T-,  H- , T- , Z-  4!  ft  (or#)  "i-,  H-,  T- , 
Z-  beams"  (used  in  structural  engineering),  which 
sometimes,  however,  appear  as  I,T,&  52  ft  ( ) 
where  pictorially  similar  characters  are  used  for 
the  same  purpose,  the  TT-circuit  example  mentioned 
above,  —connection"  (el.  eng.),  and 
the  author  has  even  encountered  Kana  characters 
used  pictorially,  as  ^ CO  ^ "bell  crank". 

Another  pitfall  for  the  unwary  is  the  occa- 
sional use  of  characters  for  their  phonetic  value; 
e.g.  2$  is  normally  used  as  a technical  term  in  its 
own  right,  meaning  "degree,  extent,  etc.",  and  it 
usually  adds  this  element  of  significance  to  those 
terms  in  which  it  occurs  as  final  element,  as  in 
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"velocity"  (literally  "degree  of  speed"), 
i£W£  "temperature"  ("degree  of  heat"),  etc.  But 
in  it  is  purely  phonetic  as  R £ - *+’  * , ■*  “*  u 
"cadmium  iodide".  Similarly,  we  f ind  * # ± reed 
"haraito",  or  "pearlite"  (metallurgy), « Rtt:  jura- 
sei"  "Jurassic  epoch",  etc.  However,  this  is  a 
minor  point,  though  it  must  be  kept  in  mind. 

Again,  the  question  of  readings  poses  a diffi- 

cult  though  relatively  unimportant  problem  for  the 
translator  of  technical  Japanese.  Aside  from  the 
fact  that  the  Sino- Japanese  characters  have  several 
possible  "readings”  or  "proncamciations"  in  techni- 
cal Japanese,  there  is  the  added  point  that  occa- 
sionally the  commonest  reading  of  a technical  term 
is  as  irregular  one.  In  this  case  it  is  generally 
a phonetic  approximation  of  a European  equivalent 

^ as 

entirely  unrelated  to  the  normal  readings  one 
would  expect  from  the  given  combination  of  charac- 
ters. Occasionally  it  is  simply  an  arbitrary  va- 
gary of  Japanese  reading  of  the  characters.  Exam- 
ples of  the  foregoing  are:  fl(?P  0,  which  might  rea- 
sonably be  read  "shokuto",  is  actual) y pronounced 
"pompu”,  from  "pump”;  similarly  $]ijj#|is  some- 
times read  "bureki"  (brake),  ££  7)  is  read  "naifu" 
ifknife),  and  "karin"  or  "uzuwa"  is  also  read 
"tabin"  (turbine).  The  problem  of  readings  is  a 
difficult  one  at  best,  since  most  of  the  complex 
technical  terms  used  in  Japanese  are  seldom,  if 
ever,  used  in  actual  speech,  but  only  in  the  writ- 
ten literature.  In  many  cases  the  actual  reading 
has  never  been  decided  at  all,  since  no  one  will 
have  had  occasion  to  actually  talk  about  the  matter 
in  question,  though  it  might  be  a well-established 
concept  in  the  technical  literature.  At  any  rate, 
since  the  Sino- Japanese  characters  are  ideographic, 
bearing  meanings  which  are  more  or  less  independent 
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of  the  actual  sound  associated  with  them,  this  is 
not  a very  serious  problem  for  the  translator.  An 
interesting  example  of  the  variability  of  Japanese 
readings  is  the  term  "yosetsu  tsugite" 

(welded  joint),  where  the  same  character  has  two 
different  readings  within  the  same  term. 

Very  serious  difficulties  are  encountered  in 
the  extensive  use  of  kana.  For  example,  the  great- 
er part  of  the  vocabulary  of  organic  chemistry,  as 
well  as  many  proper  names  are  given  in  kana.  Since 
these  are  practically  all  taken  from  a number  of 
European  languages,  and  since  the  Japanese  phonetic 
system  is  deficient  in  many  sounds  common  to  the 
former,  such  nkana  terms"  are  often  distorted  be- 
yond any  reasonable  chance  of  recognition.  For  ex- 
ample, only  a person  thoroughly  familiar  with  both 
the  vagaries  of  Japanese  and  the  technical  field 
itself  would  recognize  ^ tr  A'  £ A — ^ O 
as  signifying  "Dr  zewiecki  * s theory",-  important 
in  the  aerodynamics  of  propellers;  and  even 
a simple  case  like  9 -*■  v #5  # "Wente’s 
loud  speaker"  can  be  troublesome.  Another  minor 
source  of  confusion  is  the  occasional  translitera- 
tion of  Latin  or  Greek  letters,  as  in  ? — S 
"T.S.  type",  "^-connection",  etc. 

Moreover,  Kana  terms  are  themselves  by  no  means 
uniform;  thus  "dieserl"  is  given  as  f -t'/v  or  as 
7 A -t*/*',  valve  as  **  ps  7*  or  jy  micro- 
phone" as  A ? v 7 * 's  or  A ? *7,  etc. 

Again,  when  fragments  of  European  words  are  taken 
over  literally,  as  is  often  the  case  of  trade  names 
for  manufactured  articles,  the  translator  frequent- 
ly finds  himself  up  against  another  blank  wall.  A 
good  example  of  this  is  the  word  **  ? =*  s'  "barikon", 
which  the  translator  is  so  strongly  inclined  to  re- 
gard as  a possible  "balcony",  only  to  find,  if  he 
is^lucky  enough  to  find  it  at  all,  that  it  is  really 
the  kana  version  of  the  trade  name  "Varicon",  itself 
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an  abbreviation  of  "variable  condenser".  For  that 
matter  the  translator  need  not  be  surprised  to  find 
any  technical  term  given  in  kana,  even  though  Japa- 
nese has  perfectly  satisfactory  character  equiva- 
lents for  them:  e.g.  y 9 "vapor  lock" 

(*»).*  d * r "switch"  ( & ),*  — * ^ 

/is  "curtain  wall"tj^  ^ 

A particularly  interesting  point  in  connection 
with  the  use  of  kana  is  the  fact  that  Japanese 
chemical  terms  have  generally  taken  their  cue  from 
the  German.  Hence  a chemical  term  like  "isoleucin" 
will  be  given  as  4 v w 4 s'  following  the 
German  pronounciation  of  the  Greek  prefix  iso-, 
whereas  a non-chemical  term  like  "isometric",  if 
not  given  in  characters,  as  might  be  done,  will 
generally  be  written  in  kana  as  r 4 y y h ')  V 
Similarly  "sulfonic  acid"  is  writ ten  ^ ^ 
from  the  German  "Sulfonsaure";  and  in  general  the 
translator  of  chemical  Japanese  must  keep  this  fact 
constantly  in  mind. 

On  the  whole  there  is  no  question  but  that  in 
the  field  of  science  and  technology  the  use  of  kana 
presents  serious  difficulties  to  the  translator, 
partly  because  of  the  differences  in  the  Japanese 
and  European  phonetic  systems,  partly  because  Japa- 
nese is  as  likely  to  borrow  from  one  European  lan- 
guage as  from  another,  though  the  bulk  of  borrowed 
terms  are  certainly  taken  from  the  English,  with 
German  a poor  second,  except  in  the  field  of  chem- 
istry. Still,  it  is  difficult  to  see  how  the 
average  translator  is  going  to  discover  that 

a y _ jg  p,  s # ip  is  a “spray  cooler”,  1 
the  kana  portion  being  taken  from  the  German 

Berieselung  (spray),  though  he  can  take  heart 
from  the  consideration  that  certainly  less  than  2% 
of  the  kana  encountered  will  be  of  this  rather 
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baffling  type.  Even  so,  single  names,  as  pointed 
out  above,  will  often  be  spelled  in  several  ways, 
as  r 's  ^ 7 * ^ — t»,  or  r for  "Ampere”, 

while  an  example  like  & # ± "par»it°"  (pearlite: 
metallurgy),  illustrates  bow  the  deficiencies  of 
the  kana  syllabary,  plus  the  redundancies  of  Eng- 
lish spelling  and  the  attempt  of  the  Japanese  to 
imitate  as  closely  as  possible  the  original  sounds 
often  lead  to  a considerable  departure  from  that 
original. 

But  the  greatest  problem  connected  with  the 
Japanese  scientific  and  technical  vocabulary  is  the 
immense  number  of  synonyms,  or  Japanese  equivalents 
for  the  same  English  term.  Because  of  the  rapidity 
with  which  the  Japanese  swallowed  the  whole  huge 
mass  of  occidental  science  and  technology,  borrow- 
ing from  and  drawing  upon  all  European  and  Ameri- 
can sources  simultaneously,  because  of  the  great 
number  of  Japanese  working  independently  in  the 
task  of  absorbing  and  interpreting  western  knowl- 
edge, and  above  all,  because  of  the  profusion  of 
Chinese  characters  available  for  the  portrayal  and 
symbolisation  of  the  new  ideas,  the  Japanese  tech- 
nical vocabulary  grew  into  a dense  jungle  of  equiv- 
alent terms.  Practically  every  scientific  or  tech- 
nical concept  can  be,  and  generally  is,  expressed 
in  several  different  ways  in  Japanese;  and  since 
these  have  equal  validity  in  the  eyes  of  Japanese 
scientists  and  technologists,  they  are  all  equally 
apt  to  appear  in  the  literature.  I do  not  believe 
it  is  an  exaggeration  to  assert  that  the  Japanese 
scientific  and  technical  vocabulary  has  between  two 
and  three  times  as  many  terms  to  cover  the  same 
range  of  ideas  as  does  the  corresponding  vocabulary 
of  a European  language  such  as  English. 

It  is  true  that  technical  English  is  likewise 
plagued  with  the  problem  of  unnecessary  duplication 
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of  terras  for  the  same  entity,  as,  for  example, 
"angular  momentum"  and  "moment  of  momentum",  "tor- 
sion" and  "twist",  "voltage",  ^potential",  and 
"electric  tension",  etc.  But  whereas  this  is  the 
exception  rather  than  the  rule  in  English,  the  sit- 
uation is  reversed  in  Japanese.  For  example,  there 
are  at  least  thirty  different  ways  of  writing  "nut" 
in  Japanese,  which  in  this  instance  too  takes  its 
cue  from  the  idea  of  "female  screw"  or  "Schrauben- 
mutter"  of  the  Germans.  Thus  they  will  use  any  of 
the  following  combinations  for  this  one  simple  ob- 
ject: 

1 

female"  or 


m 

4fc 


V 


"mother" 


to 

& 

& * 


or  again,  for  an  equivalent  of  "to  raise,  lift, 
elevate,  draw  up"  Japanese  can  use  any  one  of  the 
following  compounds: 


?l 

A * 

i t 


• i 
■ i 


± 

* 


where  twelve  possibilities  are  indicated,  and 
doubtless  many  more  are  possible.  These  are,  of 
course,  extreme  examples,  but  the  phenomenon  is 
very  generally  true  throughout  the  whole  of  Japa- 
nese science  and  technology. 

When  we  consider  the  matter  more  closely,  how- 
ever, we  find  that  the  bulk  of  Japanese  technical 
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synonyms  or  equivalent  expressions  can  be  grouped 
under  four  or  five  headings:  1)  terms  which  differ 
only  by  a trivial  substitution  of  one  element  of  a 
complex  term  for  another  closely  related  character 
or  group  of  characters;  2>  those  in  which  kana  re- 
places characters  or  groups  of  characters  with  equi- 
valent meanings;  3)  those  in  which  the  multiplicity 
of  equivalent  terms  is  due  to  the  fact  that  Japanese 
generally  has  several  characters  or  groips  of  characters 
which  express  the  same  idea,  any  or  all  of  which  may  be 
used  interchangeably  in  a technical  term;  4)  those 
in  which  the  multiplicity  of  equivalent  terms  and 
expressions  derives  from  the  fact  that  in ‘technolo- 
gy the  same  object  or  entity  can  often  be  regarded 
from  several  points  of  view;  5)  the  large  number  of 
abbreviated  and  variant  forms  of  the  characters, 
which  are  sometimes  so  different  in  appearance  as 
to  amount  to  new  symbols.  We  will  consider  these 
points  in  order. 

1)  Terms  which  differ  only  by  a trivial  sub- 
stitution of  one  element  of  a complex  term  for  an- 
other character  or  group  closely  related  in  mean- 
ing or  implication.  The  following  groups  list 
those  most  frequently  interchanged: 

“)  meaning  "form,  type,  shape, 

model,  method: 

meaning  "tool, 

device,  machine,  apparatus,  equipment,  instrument, 
engine,  mechanism"; 

meaning  "of  such  a 
nature,  possessing  such  a character,  of  such  a type 
or  condition”.  This  group  is  related  to  group  a), 
so  that  members  of  each  are  sometimes  interchanged. 

d)  S5.35  "made  of,  containing"; 

e)  "to  such  a degree,  so  much,  to 
that  extent"; 
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f)  tb  "instrument,  gauge,  meas- 

uring device": 

a)  ft  "in,  within,  among,  inside,  etc."; 

h)  Hh  fb  ft  Wf  (ft)  "attached  to,  equipped  with, 
possessing,  fitted  with"; 

i)  some  purely  grammatical  elements,  as$),0« 
’4(5).  etc. 

In  addition  to  being  interchanged  quite  freely 
within  their  groups,  these  elements  are  often  omit- 
ted altogether  as  not  essential  to  the  meaning  of  a 
term.  The  commonest  omissions  are  perhaps  the 
grammatical  elements,  though  most  of  the  above  can 
be  left  out  in  many  instances.  Accordingly,  the 
translator  should  memorize  them,  with  the  under- 
standing that  a term  containing  one  of  them  as  a 
constituent  element  would  retain  about  the  same 
significance  without  the  character  (or  group)  in 
question,  or  with  equivalent  meirfcers  from  the  same 
group  substituted  for  the  first;  i.e.  he  must  be 
prepared  either  for  their  complete  omission,  or  for 
replacement  by  related  elements. 

Besides  the  above,  there  are  many  others  not 
quite  so  frequently  encountered,  such  as  it  "to 
change,  transform,  alter,  turn  into,  treat  with", 
which  is  very  common  in  chemical  Japanese,  Jt  "on* 
above,  at",  etc.  To  these  might  be  added  negative 
or  "privative"  terms,  in  which  the  negative  element 
may  occupy  either  of  two  positions;  but  this  point 
will  be  reconsidered  in  greater  detail  under  3). 

In  illustration  of  the  preceding  discussion  the 
following  examples  are  recommended  to  the  attention 
of  the  student  as  representative  of  the  class  of 
terms  under  consideration:  for  instance,  in  the 
case  of  a term  like  "Sperry  stabilizer",  one  might 
find  * y (?S  , 3c  % (fi#  $).  in  which  any 
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one  of  the  elements  in  the  brackets  might  be  used, 
or  in  the  first  group  omitted  altogether;  e.g. 
j*.  9 :£  % 08»or  * K * 31  3c  ¥ §£  SI:  * etc.  Sisdlarly, 

we  have  &&  (&,#&)  "welding",  tg  * (*,*.«)  ftft 
(3$  .J£  H > 3$  $)  "electrolytic  detector".  ^ Aa  (U  iS 

(W)  "soap-making  machinery",  T (4*3?) 

"T-rail",X  (*»)  M (*f)  "i-beam",  tttffctf*  (ft)  Wit 

"sodium  citrate",  MSI  (S6)  * y inorganic  potas- 
sium", jgifiCaQft  “Pyrometer ",  J§  OR. 18)  3ft 
"striped  coal",  ¥ (I.W.O.WO)  "military 

airplane"  fa  |pj  (3?>®>^»4£)  *£  4*  4fc  "directional 
antenna",  & W (#J)  & jffl.  "mechanical  ventilation", 
§8(S»$Jig)8  "ironware",  E£  (JL,3R4t)  tK  "land 
plane",  fet  (+»ft)  "charring  pit  charcoal", 

(Sfc.ffiiffc)  r ^ •=■  -r  "liquid  ammonia",  etc. 

More  or  less  closely  related  to  this  is  the 
question  of  kana  elements  which  appear  chiefly  as 
inflectional  elements  of  words  (chiefly  verbs),  and 
which  are  as  often  omitted  as  not:  e.g.  *j|  lo]  [ H 
W ("hippari  bo")  "tie  rod",  tt[£Tl  ^ (tsugite) 
"joint,  union,  coupling,  connection",  &[$]  #MLl 
(orJK  ™ ^ ? 3l(torihaxushi  (or  ridatsu^shiki) 

puropera-yoku)  "detachable  propeller  blade”,  etc. 


2)  Terms  in  ^iich  kana  replaces  characters  or 
groups  of  characters  with  equivalent  meanings,  as 
in  the  following  instances:  fi  36  (orjg)  %£  "plate 

betiding  machine",  the  examples  cited  under  ''nut" 
above,  *•  ^ y for  ^ "punp",  y y y K o for 

"grid" Ml  & =»  s'  ^ V — V (or®  g £)  "reinforced  concrete? 
y ? and  ft  Jfr  for  "torque ",  f*  * ^ .ffi  or  E&  H 
for  "piston",  ^*\ftP£,orfi  "solder",  very  many 
chemical  terms  (chiefly  from  inorganic  chemistry, 
moat  organic  terms  being  in  kana),  like  9 ')  2 V 

fSffc# DM)  "calcium  chloride",  ffi#  ^ 5 K orT  -fe  ^ 
’ k*  "acetamide",  **  r ► , & §T .or  ft  £T  for  "boltw, 

or^ffpjjfc  for  "vector" 


(physics),  * a (^$|)  "cam* 


I 
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51  $1  for  "spring*,  ^ or  >r  as  i?  zfc  *r  (^)  "watery, 
vapory",  etc. 

3)  Terms  in  which  the  multiplicity  is  due  to 
the  fact  that  Japanese  generally  has  several  char- 
acters or  compounds  (groups  of  characters)  which 
express  the  same  idea,  any  or  all  of  which  may  be 
used  interchangeably  in  a technical  term.  This  is 
a major  source  of  the  needless  multiplication  of 
equivalent  Japanese  technical  terms,  the  differences 
in  terminology  arising  here  from  tjfte  multitude  of 
equivalent  Si  no-  Jafpanese  characters  or  compounds  of 
character*:  e.g.  (ft or*)  («r,  ft)  & "cob- 

necting  rod",  ,Tif  fc)  It » 

specific  heat  at  constant  volume  , in  which  any 
one  of  the  combinations  of  characters  or  groups  of 
characters  formed  by  taking  one  elesfent  from  each 
of  the  groups  in  parentheses  all  mean  "constant 
volume",  so  that  one  might  have  it  f|Jt 
etc.  thus  twelve  synonyms;  or  again,  ($(  > #g  #£ 

fillip  * r ? .etc,)  Tor  "en- 

glne  torque",.  £)  («r,*.a'.#x«)  "equivalent 

girder"  Oft  ip.  ft  # , ft,  $)  I?  "cooiing  fin",  (JE 
•SS.orffif)  "compensating",  as  in  "compensating  wind- 

am 

ing  , compensating  gear  , etc. , the  various  terms 
for  "screw"  mentioned  previously,  ;ft  1fi»  or 
simply  it  or  $f  for  "load",  (fg.or  "compres- 
sion", $&(3£or7pc)  "bearing",  many  characters  for 
"box",  a«£g,jM,etc.  which  are  all  interchangeable 


in  various  compounds  like  "caisson"  iff®,  etc.,  a 
multiplicity  of  negative  forms:^,^,M  as  in 
orU)  0 [j@]  $$  iiK  $j  "irrotational  motion"  (aero-and 
hydrodynamics),  (^p , fr- , or$$)  fit  J]  Vi  "non- structural 
member"  (aero),  H (f£)  "normal"  (geometry),  jg 
(£5)  "origin"  or  "point  of  origin",  & C'&’or^) 
"joint,  connection",  etc.  There  is  also  a large 
number  of  what  might  be  called  "inversions".  In 
this  last  instance  the  Japanese  is  simply  free  to 
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reverse  the  order  of  a compound  tern  without  there- 
by changing  its  meaning;  as  Rfif  or  IS  "time 
limit  ”,  ifl#  or  ft*  ”to  load,  till",  « ft  or  ft« 
"vibration,  oscillation”,  GO  ft  or  *1  © "rotation", 
ftT  or~Fl^  "descent,  fall",  etc. 

In  connection  with  this  last  point  it  is  also 
worth  noting --though  this  is  rather  a grammatical 
than  a terminological  change--that  negative  or 
privative  terms  can  be  expressed  in  several  ways 
which  differ  by  changing  the  position  of  the 
symbol  of  negation,  as  in  (ftMorUftL) 
"tailless  airplane",  (j£  ft  ft  or 
"crankless  engine",  etc.  Similarly,  in  the 
case  of  many  compounds  where  a verb  governs  an  ob- 
ject, either  the  verb  can  precede  the  object,  or 
the  object  precedes  the  verb,  as  in  Eft  SMS  or 

"heat  absorber",  or  JLffttl ft 

"flaring"  or  "drifting  test"  (piping),  etc.  Here 
the  student  will  have  no  difficulty  in  recognising 
the  first  of  these  as  a typical  Chinese  construc- 
tion, the  second  as  an  equally  typical  Japanese 
word  order. 

4)  Terms  in  which  the  multiplicity  of  equiva- 
lent expressions  derives  from  the  fact  that  in 
science  and  technology  the  same  thing  can  often  be 
regarded  from  several  different  points  of  view. 
This  often  leads  to  radical  differences  in  the 
literal  significance  of  the  Japanese  and  English 
terms  for  the  same  entity:  for  example,  the  Japa- 
nese often  say  A "effective  height",  where  we 
have  "effective  depth":  similarly,  Japanese  has 

"connectable  bit",  wbare  we  aay  detachable 
bit".  F ft  "drop  valve",  for  our  "lift  valve", 

"compressibility  loss  of  speed"  for 
our  "compressibility  burble",  ® ff  §&  ff , lit- 
erally "low  pressure  experimental  room  , for  our 
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"altitude  chamber”  (aeronautical  engineering), 

literally  ”gun  type  camera”  for  our 
"camera  gun”,  (PI  "homo-”  or 
"non-polar  compound”  (chemistry)  "aero- 
structure",  ff  "thickness  gauge”  (literally 
"thinness  gauge"),-  "leaf  spring", 

"permeability  (referring  to  the  rate  at 
which  gases  diffuse  through  balloon  fabric); 
cigain,  in  speaking  of  electric  cable  the  Japanese 
calls  the  "lay*  ratio"  the  ft  4 or  "twist -advance 
rate",  which  is  certainly  more  illuminating  than 
the  English  term,  H ® "tin-plate”,  where  English 
leaves  out  the  word  for  "iron",  Japanese  the  char- 
acter for  "tin".  It  is  worth  observing  that  these 
Japanese  formulations  are  at  least  as  "reasonable" 
and  as  accurate  as  their  English  equivalents.  This 
same  general  fact  has  already  been  touched  on, 
though  from  a somewhat  different  point  of  view,  in 
the  foregoing  discussion  of  "functional"  and  "des- 
criptive" names. 

The  two  preceding  classes  of  Japanese  techni- 
cal synonyms  provide  bv  far  the  great  bulk  of  Japa- 
nese "multiple  terms".  Largely  because  of  them, 
the  translator  of  scientific  and  technical  Japanese 
must  keep  this  major  problem  of  Japanese  synonyms 
constantly  in  mind.  He  must  be  prepared  at  all 
times  for  the  substitution  of  an  equivalent  or 
cld&ely  related  Chinese  character  or  group  of  char- 
acters for  another,  or  for  a totally  different 
character  or  combination  of  characters  which  treat 
the  same  object  from  a different  point  of  view.  In 
other  words,  he  must  be  prepared  to  deal  with  ideas 
as  well  as  with  "words",  and  he  must  never  lose 
sight  of  the  possibility  that  the  same  idea  can 
generally  be  expressed  by  more  than  one  Sino -Japa- 
nese character  or  group  of  characters,  or  that  the 
same  object  or  scientific  concept  can  generally  be 
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interpreted  from  more  than  one  point  of  view,  and 
90  receive  more  than  one  formulation. 

The  reverse  of  this  problem  of  synonyms  in 
technical  Japanese,  the  case  where  a compound  has 
several  English  equivalents,  is  far  less  frequent 
or  important.  Some  examples  of  the  latter  are  Pfl 
"switch"  (electric)  or  "shutter",  & Kfr  "railroad 
line",  "route",  "communication  line",  etc. 

5)  The  final  source  of  difficulty,  and  a pro- 
lific source  of  reduplication  of  Japanese  technical 
terms,  is  the  large  number  of  abbreviations  and 
script  variants  used  in  the  field  of  science  and 
technology.  For  example,  M "pressure"  often 
appears  in  the  abbreviated  form,  and  in  this 
form  will  enter  into  many  compounds;  thus  lEftSlS 
"pressure  diagram"  (instead  of  ISMS  HI)  where  the 
third  character  H is  also  abbreviated.  There  are 
many  such  Instances,  some  of  the  commonest  being 
tj  for  # "stand,  base",  jK  for  fffi  "to  apply", 
for  09  "circle  XX  for  ^ a "pair,  double",  for 
"object,  body",  etc.  Translators  will  find  a 
fairly  complete  coverage  of  such  abbreviations  in 
Ar the r Rose-Innes’  "Beginner's  Dictionary  of  Sino- 
Japanese  Characters",  which  is  a very  useful  volume 
in  several  other  respects  as  well.  Some  additional 
examples  of  the  use  of  abbreviations  are  $ H for 
MW  "ellipse",  ^ for  $|  ^ "even  power " (alge- 
bra), etc. 

A different  sort  of  abbreviation  is  fairly 
common  in  chemistry,  involving  expressions  like 

instead  of  ^ 3c  # jffi  fg  for  "ammonium  sul- 
phate", and  related  terms  in  all  fields  in  which 
ai&.^fc.^fifcetc.  is  omitted,  as  in  g*  $£  ft  "land- 
ing gear"  (aeronautics),  Mg  C&  CK)  & ^’permuta- 
tions and  combinations"  (algebra),  Stt 

it  "resistance  furnace"  (electricity),  etc. 
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Script  variants  are  characters  closely  related 
to  the  abbreviations  in  some  respects,  but  differ- 
ing from  them  in  that  they  are  not  necessarily 
formed  by  simply  omitting  a part  of  the  original 
character,  but  may  contain  new  elements  which,  how- 
ever, leave  the  original  meaning  substantially  un- 
changed. A good  example  of  this  is  the  group- 
HI , IPJ. M*  and  all  with  exactly  the  same 
reading  ("kai,  meguru")  and  meaning  ( "to  rotate, 
revolve,  go  round"),  but  differing  slightly  in  the 
nature  of  the  elements  making  up  the  character,  and 
hence  found  in  different  places  in  a Japanese  dic- 
tionary. Thus  in  referring  to  a "rotating  magnetic 
field"  the  Japanese  electrician  will  use  any  of  the 
following  expressions:  (0  , HI  M»or.jg)  HMS#. 

Other  examples  of  this  are  (f;  (or&)  direct  wind- 
ing" (electrical  machinery),  (ft , »tit) 

"flanged  pipe",  etc. 

An  important  group  of  script  variants  com- 
prises a series  of  characters  in  which  a change  of 
the  radical  has  been  used  to  indicate  a change  in' 
the  physical  nature  of  the  material  under  consider- 
ation. For  example,  "metal"  often  replaces 

"wood"  in  a large  group  of  characters  to  indicate 
that  metal  is  used  in  place  of  wood  in  a "modern 
version"  of  an  older  implement:  £?  "metal  rod", 

in  place  of  , IS  "sheet  metal"  or  "plate"  in 
place  of  a "wooden  plate"  or  "board", 

"hammer",  from  £& , "metal  trough"  from 
"wooden  trough",  etc.  This  same  metal  radical  re- 
places many  others  besides  wood,  however,  as  Jg  "to 
melt"  or  "fuse"  metals,  from®  "to  dissolve", 
where  ^ replaces  tK  "water".  Other  exan$>les  in 
this  category  are  @ "metal  ring",  from  g| ; g£, 

meaning  "to  refine,  purify,  work 
over",  but  where  is  used  to  indicate  the  "refin- 
ing of  metals",  & the  "glossing"  of  silk,  etc. 
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Similarly  "wire"  from  "wire  rope”  from 

^ (ordinary  rope),  are  illustrative  of  the  point 
under  consideration.  Again,£g  ,4ft  all  sig- 

nify some  sort  of  "refuse"  or  waste  material,  but 
the  first,  with  the  metal  radical,  indicates  "slur- 
ry”, a type  of  waste  product  found  in  certain  metal 
refining  processes*  4ft  and  indicate  ..  "muck",  as 
the  term  is  used  in  excavating  work,  jR  signifies 
ordinary  mud,  etc.  Similarly  /ft  and  ffft are  used  for 
ordinary  waste  or  rdbbish  and  "muck,  or  rock  scrap" 
in  the  technical  sense  respectively. 

It  is  interesting  to  note  that  the  Chinese 
have  used  this  same  procedure  in  coining  characters 
for  the  "names"  of  the  chemical  elements.  As  a re- 
sult the  physical  nature  of  an  element  is  immedi- 
ately apparent  to  a Chinese  from  the  composition  of 
the  character  used  to  indicate  it,  as»  for  in- 
stance, the  gases  SI  helium,  % neon,  S,  argon,  £& 
xenon  § krypton,  etc.,  where  the  common  element 
% in  all  indicates  the  existence  of  a gas.  Simi- 
larly, elements  which  are  liquid  all  have  the  tJc 
radical,  metals  have  the  & radical,  etc.  as  part  of 
their  "names.  " This  has  been  very  well  written  up 
in  an  article  in  Scientific  Monthly  for  July,  1942 
by  Prof.  S.  Spooner:  -’^Chinese  Chemical  Terms".  The 
Chinese  names  of  the  cnemical  elements  are  not  used 
fey  the  Japanese,  who  prefer  to  use  phonetic  kana 
terms  entirely  lacking  in  the  explanatory  features 
of  the  Chinese  characters. 

A smaller  group  of  characters  illustrating  a 
somewhat  similar  principle  comprises  a group  of 
nautical  terms  for  parts  of  a ship,  as  ftg  "bow", 
from  ft  "ship"  and  head"*  A!>  "stern",  from  "ship" 
and  ^ for  "tail",  "starboard",  with  ft  and  # 

"right",  A£"port",  similarly  formed  with  2g"lert"# 
etc. 
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There  appears  to  be  no  ready  solution  of  the 
problems  connected  with  abbreviated  forms  of  char- 
acters, script  variants,  and  similar  odds  and  ends 
except  experience  in  recognizing  the  members  of 
such  groups.  They  are  mentioned  here  simply  to  ap- 
prise the  student  of  the  existence  of  these  n anom- 
alous n elements  in  an  already  hypercomplex  script, 
so  that  he  or  she  will  learn  to  expect  a wide  vari- 
ety of  departures  from  ordinary  usage  in  technical 
Japanese. 

A final  point  in  connection  with  the  Japanese 
technical  vocabulary  is  the  occasional  assumption 
of  specific  meanings  by  single  characters  in  a giv- 
en field  or  context;  e.g.  #{  often  indicates  "aero- 
plane" in  aeronautical  literature,,  in  which  case  it 
is  an  abbreviation  of  or  Simi- 
larly is  used  for  parachute",  J$I  for 
"undercarriage"  or  "landing  gear",  etc.  Agaim!^ 
(nest)  is  sometimes  used  for  "socket"  in  electrici- 
ty. These  instances  are  entirely  similar  to  corre- 
sponding English  expressions,  where  the  same  pro- 
cess of  "specialization"  has  operated  to  give 
specific  technical  meanings  to  more  general,  every- 
day terms. 


Summing  up  our  study,  we  find  that  scientific 
and  technical  Japanese  reveals  thoroughly  contra- 
dictory characteristics  in  so  far  as  its  "efficien- 
cy as  a means  of  communication  is  concerned.  On 
the  one  hand  its  technical  vocabulary,  either  bor- 
rowed from  or  based  on  Chinese  models,  is  found  to 
be  highly  efficient,  accurate,  and  "functional", 
whereas  its  syntax  or  grammatical  structure  is, 
from  the  point  of  view  in  question,  highly  irra- 
tional and  inefficient.  An  interesting  problem 
would  be  an  appraisal  of  technical  Chinese  along 
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the  lines  indicated  here  for  Japanese.  I believe 
such  a study  would  reveal  the  former  to  possess  all 
the  virtues  of  the  Japanese  technical  vocabulary, 
and  few,  if  any,  of  the  vices  of  the  Japanese  sen- 
tence structure;  in  which  case  it  would  have  to  be 
acknowledged  as  potentially  one  of  the  most  effec- 
tive mediums  of  scientific  and  technical  comunica- 
tion  in  existence.  Such  an  inquiry  must,  however, 
be  reserved  for  a future  date. 
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